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DEFINITION OF KEY TERMS 
 
Ability Blame= The perception that student role difficulties are caused by one's own personal 
deficits (Bowman & Sanders, 1998 (Adaptation)) 
Academic Discouragement= The degree to which students felt discouraged by academic 
difficulties in the student role (Feldman, 1999 (Adaptation)) 
Academic Student Role Strain= The objective difficulties that students encounter due to a lack of 
academic preparation/exposure, and students’ subjective appraisal of those difficulties which can 
potentially serve as impediments to college success 
Advanced STEM Career Plans= Students’ plans to pursue a STEM career that requires extensive 
academic training 
Extended Family Support= Perceived support from family members including the nuclear 
family, intergenerational kin, and para-kin (Reyes, 2002) 
Financial Discouragement= The degree to which students felt discouraged by financial 
difficulties 
Financial Stress= The degree to which students experience stress due to financial challenges 
Financial Student Role Strain= The objective and subjective challenges that students encounter 
due to financial hardships which can potentially serve as impediments to college success 
John Henryism= Self-perception about an individual's ability to employ hard work and 
determination to meet environmental demands; Operational definition for personal resiliency 
Personal Resiliency= A person’s ability to bounce back from, and thrive in, the face of adversity 
(Bowman, 2013) 
Student Role Strain= The objective difficulties that individuals face in their role as students, as 











A growing number of studies highlight how exemplary pipeline interventions can 
promote college and career success in science, technology, engineering, and mathematics 
(STEM). However, it is also important to understand how the challenges and strengths that 
underrepresented students bring to intervention settings can influence their successful STEM 
outcomes. Guided by role strain and adaptation theory, this study seeks to better explain how 
intervention participation combines with other pivotal factors to influence students’ plans to 
pursue research careers in STEM fields. This theory-driven study makes unique contributions to 
the higher education pipeline intervention literature by further clarifying social psychological 
mechanisms through which financial and academic challenges impede successful STEM 
outcomes among underrepresented students within intervention settings. Analyses of longitudinal 
survey data from 376 underrepresented students who applied to an exemplary Summer Research 
Opportunity Program at 12 major research universities in the Midwest provided support for 
several hypotheses. Multivariate analyses found that STEM research career plans appear to be 
enhanced by intervention participation, but impeded by financial and academic challenges (both 
objective barriers and subjective threats). Study findings also suggest that personal resiliency, a 
measure of adaptive cultural strength, can also promote successful STEM outcomes. Study 
findings support the importance of students’ role strains and strengths in better understanding 
STEM-related intervention outcomes for underrepresented students. The theory-driven findings 
can help program administrators and policy-makers better determine not only if, but how, higher 










There is a growing interest in better understanding the factors that influence the education 
pipeline from high school to higher education and competitive career fields for students from 
underrepresented groups (Greene & Forster, 2003; Greene & Winters, 2005; Perna, 2006). While 
the overall success rates for students in science, technology, engineering, and mathematics 
(STEM) fields are problematic, the success rates for various subgroups are even lower. For 
example, a report by the National Action Council for Minorities in Engineering (2008) indicates 
that, in 2006, 68,000 engineering bachelor’s degrees were awarded in the United States and only 
8,500 of those were awarded to underrepresented students of color. With regard to doctoral 
studies, the report also indicates that of the 6,404 doctoral degrees that were awarded that same 
year, a little over 200 were awarded to students in this group. Despite the low number of degrees 
awarded to minority students, other research indicates that there has been an increase in minority 
students’ share of STEM bachelor’s and master’s degrees over the last few decades (National 
Science Foundation, 2013). While the share of doctoral degrees awarded to minorities has 
increased since the early 1990’s, this percentage has plateaued at about 10% since 2000 
(National Science Foundation, 2013). 
There is also an issue regarding the gender gap in STEM fields. While there is a push to 
increase female representation in STEM fields overall, the gender disparity differs drastically by 




psychology since the early 1990’s, they have been particularly underrepresented in other STEM 
fields such as engineering, physics and computer science (Hill, Corbett & St. Rose, 2010; 
National Science Foundation, 2013)
1
. Gender disparities in STEM are also prevalent at the 
graduate level. While women’s representation amongst doctoral degree recipients in STEM fields 
has improved over the last several decades, there are still fields where females are grossly 
underrepresented. For instance, in 2010, women earned less than 30 percent of doctorates and 
master’s degrees in engineering and computer science (National Science Foundation, 2013). 
They also earned about 40 percent of master’s degrees in mathematics and physical science, and 
30 percent of PhDs in these fields (National Science Foundation, 2013). Similar patterns emerge 
when both race and gender are considered. Relative to their male counterparts, females from 
underrepresented minority groups are well represented in fields such as psychology and biology. 
However, they remain underrepresented within other STEM areas (e.g. physics, computer 
science and engineering) (National Science Foundation, 2013). 
The issues concerning the STEM pipeline not only present challenges for students who 
are traditionally underrepresented in these fields, but also pose a potential threat to the future of 
America’s economic competitiveness and the sustainability of its 20
th
 century position as one of 
the world’s global powers (e.g., Bowman & St. John, 2011; National Research Council, 2007, 
2009). To help address issues concerning student representation in STEM fields, a number of 
pipeline interventions have been developed to facilitate students’ success in these areas (Chubin, 
DePass & Blockus, 2010; DePass & Chubin, 2009; Fagen & Labov, 2007; George, Neale, Van 
                                                          
1
 While psychology has not been consistently recognized as a STEM field, it has been 
acknowledged as such by leading organizations that focus on issues in STEM fields such as the 
National Science Foundation and National Institutes of  Health. Also, the American 
Psychological Association has promoted psychology as a core STEM discipline (American 




Horne & Malcolm, 2001). In fact, from 1995 to 2005, the number of research opportunities 
implemented to promote undergraduate student interest in science and technology increased 
fourfold (SRI International, n.d). These developments are aligned with the Boyer Commission 
Report (1998, 2002) which encouraged institutions to make research experience a critical part of 
undergraduate training. Accordingly, a number of institutions have expanded their curriculum to 
include a research component (Katkin, 2003).  As a result of this increase, discussions have 
emerged concerning the need to improve our understanding of these interventions, with a 
particular emphasis on investigating how and why they influence student outcomes. 
While a number of STEM interventions have been put into place to address issues with 
the pipeline from K-12, undergraduate, graduate and postdoctoral levels to careers in STEM, we 
still have very little theory-driven knowledge about the various factors that influence the efficacy 
of exemplary programs and interventions. Evaluation studies have supported the overall efficacy 
of pipeline interventions, but less is known about the factors that impede or enhance the success 
of various program participants.  As a result, there is a growing collaboration among several 
governmental agencies and non-profit organizations to support more comprehensive approaches 
to understanding and improving pipeline interventions that promote success among 
underrepresented groups in STEM fields. This collaboration has resulted in a series of 
conferences, workshops, white papers, research projects, and policy initiatives supported by the 
National Institutes of Health, National Science Foundation, National Academies, American 
Association for the Advancement of Science, and other partners (DePass & Chubin, 2009; Olson 
& Fagen, 2007).  These efforts highlight a policy-relevant need to increase our holistic 
understanding of the conditions under which these programs have different influences on 




& Chubin, 2009; Olson & Fagen, 2007). In order to fully explicate the mechanisms by which 
programs can promote college success (i.e., academic achievement, graduate study, etc.), 
research must further clarify the operation of other important student characteristics which also 
influence college outcomes. This level of nuance requires a comprehensive look at how these 
programs influence participants’ outcomes, given other important factors that also impact student 
success in college and beyond. 
Guided by a strength-based role strain and adaptation model, this dissertation seeks to 
better clarify how financial and academic factors (i.e. financial and academic strains) influence 
the efficacy of innovative pipeline interventions on STEM career-related plans for 
underrepresented students
2
 (e.g. Bowman, 2006, 2011). This research focuses specifically on 
students’ plans to pursue research careers in STEM (i.e. advanced STEM career plans) given the 
policy interest in expanding opportunities in research and faculty careers for underserved groups 
in these fields. Student role strain is defined as the objective difficulties that individuals face in 
their role as students, as well as the affiliated cognitive/subjective appraisal of those difficulties 
(Bowman, 2006). A number of policy-related studies have demonstrated the deleterious effects of 
role stain on successful outcomes with regard to the objective financial and academic challenges 
that many students encounter in college (e.g., Braunstein, McGrath & Pescatrice, 1999; Hearn, 
1988; Rose & Betts, 2001; St. John, 1991; St. John, Musoba, Simmons, & Chung, 2002). 
However, the present study goes beyond existing research to also examine: (a)  how students’ 
subjective  appraisals of objective  barriers (i.e. subjective threats) might further add to the 
deleterious effects of strain on their advanced STEM career plans; and (b) how such deleterious 
                                                          
2
 This study focuses on underrepresented students of color and lower-income students. Also, 
because women are underrepresented in many STEM fields, gender disparities in students’ plans 




effects might be offset, mitigated or buffered by the multilevel strengths that students bring to 
intervention settings. As a result, this research provides a holistic view of how both objective 
barriers and subjective threats can deter positive outcomes for students. Furthermore, unlike most 
policy-relevant studies that focus narrowly on barriers, this theory-driven research also 
investigates the role of students’ adaptive strengths on positive outcomes in addition to role 
strain.  Because students from underrepresented groups often suffer from educational opportunity 
barriers and limited financial resources, it is important to consider such challenges when seeking 
to better understand these students’ experiences and outcomes in pipeline interventions. 
Furthermore, it is also imperative to consider the various strengths that underrepresented students 
bring to intervention settings which help to promote positive outcomes. Each of these factors 
could have a lasting impact on how students engage the intervention and their success in college 
and beyond. 
Given this context, I utilize a rich set of survey data from an exemplary pipeline 
intervention and conduct a series of analyses to investigate the following research questions: 
1) Do financial and academic challenges (objective barriers and subjective threats) represent 
distinct dimensions of student role strain for underrepresented students in exemplary 
pipeline interventions? 
2) Do measures of family support and personal resiliency emerge as distinct indicators of 
multilevel strengths for underrepresented students in exemplary pipeline interventions? 
3)  Do race and gender differences exist with regard to student role strain and multilevel 




4) How do pipeline intervention participation, student role strain, and multilevel strengths 
relate to students’ advanced STEM career plans? 
5) Do exemplary pipeline interventions moderate the relationship between objective and 
subjective student role strain and students’ advanced STEM career plans?  
6) Is the relationship between student role strain and advanced STEM career plans buffered 
by students’ multilevel strengths?  
To provide context for these research questions, in the next chapter I discuss both 
empirical and theoretical literature concerning various factors that influence student success. I 
use this literature as the foundation for a conceptual model which outlines how student role strain 
and multilevel strengths combine with intervention experiences to influence intervention 
outcomes.  In Chapter III, I discuss the methodology used for this study, including the study 
overview, research setting, research design, sample, data collection techniques, measures, data 
analysis procedures and limitations. In Chapter IV, I outline the study findings with regard to the 
previous research questions. Finally, Chapter V discusses the implications of this research with 
regard to better understanding the mechanisms that impede and promote intervention efficacy. I 
also offer insight about how interventions can increase the pipeline to research careers for 








This dissertation expands existing literature concerning STEM interventions by using a 
social psychological framework to understand how interventions combine with other important 
factors to influence successful student outcomes in STEM. In this chapter, I begin with an 
overview of the literature concerning race and gender disparities in STEM fields. This 
information gives the reader some insight about the magnitude of the issue concerning STEM 
participation for these students. Afterwards, I discuss the literature concerning interventions 
designed to promote college success in STEM fields and to bolster the STEM pipeline. Next, I 
outline literature regarding other important factors that also influence college outcomes in 
addition to intervention participation. While much of this literature is not STEM specific, it 
provides useful insights about some of the challenges afflicting students in these and other fields. 
I begin with a discussion of financial barriers that many students in college encounter and how 
these issues can have deleterious effects on outcomes. I also note the role of public policy in 
helping to reduce these financial challenges. In addition to financial barriers, I also outline key 
literature concerning academic preparation and its influence on various college outcomes. 
Afterwards, I discuss the various multilevel strengths that students can draw from to promote 
positive college outcomes, with a particular emphasis on personal resiliency and family support. 
Finally, I discuss the Bowman Role Strain and Adaptation Model (BRSAM) and its utility with 
understanding (1) how both objective barriers and subjective threats influence student outcomes 




Furthermore, guided by existing empirical evidence and the BRSAM, I outline the conceptual 
framework guiding this research.  
Science, Technology, Engineering and Mathematics (STEM) Participation 
Overall, there has been a growing focus on increasing student participation in STEM. 
Furthermore, there is a pressing need to decrease racial/ethnic and gender representation 
disparities in these fields. To facilitate this process, many colleges and universities have 
implemented STEM interventions designed to increase students’ interest, participation and 
educational advancement in science, technology, engineering and mathematics. In the following 
sections, I provide contextual information about STEM participation across gender and 
race/ethnicity. I also discuss the existing empirical evidence concerning how these interventions 
influence student outcomes with a particular emphasis on how these programs influence post-
baccalaureate plans.  
Gender Disparities in STEM. Men continue to outnumber women in many STEM 
fields, although the number of women in these fields is increasing. Underrepresentation issues 
for women continue even though a comparable number of women and men obtain the high 
school academic preparation necessary to pursue STEM majors in college (Adelman, 1999; Hill, 
Corbett & St. Rose, 2010). The gap between women and men amongst STEM majors is also 
reflected by gender differences amongst graduates in many science and engineering fields. 
Furthermore, the gap expands at the graduate level and in terms of representation in the STEM 
workforce (Beede, Julian, Langdon, McKittrick, Khan & Doms, 2011; Blickenstaff, 2005; Hill, 




There is an ongoing research agenda to determine the factors that contribute to the gender 
gap in many STEM fields. Some have argued that the gender disparities in the sciences are due 
to biological factors. In fact, Lawrence Summers, the former president of Harvard University, 
publicly remarked that fewer women are represented in the sciences due to gender differences in 
ability or aptitude (Bombardieri, 2005). While some studies have suggested that women have a 
lower competence for science fields due to biological factors, this perspective has become quite 
controversial and various research has provided alternative explanations (Blickenstaff, 2005; 
Brainard & Carlin, 1998; Cole & Espinoza, 2008; Hill, Corbett & St. Rose, 2010). Other studies 
indicate that environmental factors play a major role in the gap that persists in college and 
beyond. A recent study by the American Association of University Women (AAUW) (Hill, 
Corbett & St. Rose, 2010) suggests that there is an implicit unconscious tendency to impose a 
gender orientation on certain fields with STEM fields being considered “male” and humanities 
“female.” This bias is often projected inadvertently even by those that otherwise reject these 
stereotypes. Also, the study indicates that women in “masculine” fields are assumed to be less 
competent unless they have proven themselves to be successful.  However, when women are 
successful in these fields, they are perceived as less likeable (Hill, Corbett & St. Rose, 2010). 
Each of these factors has a deleterious effect on female representation in STEM.  
Environmental factors which manifest during early educational stages also influence 
ultimate female representation in many STEM areas. This includes stereotypes that negatively 
impact girls’ math and science achievement and their aspirations to pursue careers in the sciences 
and engineering (Blickenstaff, 2005; Hill, Corbett & St. Rose, 2010). Additionally, research 
indicates that, despite similar test scores in mathematics, some girls believe that their skill levels 




they have to overcome exceptional gender-related hurdles in order to succeed in science fields 
which are dominated by men (Hill, Corbett & St. Rose, 2010) 
Given the relatively low representation of women in many STEM fields, some scholars 
have begun to investigate the factors that promote the persistence and academic performance of 
women who initially pursue STEM majors. Contrary to popular belief, research suggests that 
women who leave STEM majors do not do so because of academic difficulties. Brainard and 
Carlin (1998) conducted a longitudinal study of persistence among female science and 
engineering majors at the University of Washington to better understand the factors that 
influence this outcome. After examining various factors that influence college persistence, this 
study indicated that there were no differences found in college achievement between women 
who remained in the sciences and those who transferred out. Accordingly, the authors suggest 
that other factors were responsible besides academic performance. These include academic 
discouragement, educational climate challenges, perceptions of low grades, science self-
confidence issues, and change of interests. Other studies support the finding that women who 
leave STEM do so for reasons other than poor academic performance (Adelman, 1999). 
While research suggests that women do not leave STEM majors because of low academic 
performance, preparation and achievement do positively influence persistence in these fields. 
Griffith (2010) has used large-scale, national datasets and examined persistence in STEM majors 
to both the sophomore and senior years in college. The research indicates that, for women, high 
school academic preparation positively influenced persistence in a STEM major to the 
sophomore year. Early college academic performance was also positively related to persistence 
in a STEM major to the sophomore and senior years, but this relationship was stronger for 




influenced by institutional characteristics. For example, at selective colleges and universities, 
women were more likely to persist at institutions which had no graduate programs or more 
undergraduates relative to graduate students. 
Racial Disparities in STEM. With regard to underrepresented students of color, Cole 
and Espinoza (2008) used longitudinal data from Cooperative Institutional Research Program 
(CIRP) to investigate the factors that influence academic performance for Latino students in 
STEM fields. This research disputed differences in competence between women and men in 
STEM fields. The findings suggested that although Latinas were less likely to major in STEM 
fields, those that did reported higher grades than their male counterparts. Furthermore, high 
school grades and support/encouragement from faculty were positively related to Latino(a) 
students’ academic performance in college. 
As previously noted, minority students are underrepresented amongst the pool of 
graduates in STEM fields, as well as the resulting STEM workforce (National Action Council for 
Minorities in Engineering, 2008). The reasons for this disparity are multifaceted. Despite popular 
opinion to the contrary, some research suggests that representation issues are not due to a lack of 
interest in sciences amongst underrepresented students of color upon entering college (Anderson 
& Kim, 2006). One important factor examined in the literature is limited access to academic 
preparation prior to college enrollment (e.g. Anderson & Kim, 2006). Additionally, it is also 
important to consider lower persistence and graduation rates for underrepresented minorities—
especially in STEM fields (Alexander, Chen & Grumbach, 2009; Anderson & Kim, 2006; 
Grandy, 1998). Using administrative data for 15,000 students from six colleges in California, 
Alexander, Chen and Grumbach (2009) examined differences in college persistence in gateway 




factors such as high school quality and college admission test scores, underrepresented students 
of color were more likely to earn lower grades in college prehealth gateway courses than their 
majority peers. However, minority students were almost equally likely to persist in completing at 
least four gateway courses during their matriculation. 
While Alexander and colleagues (2009) examined persistence in gateway courses for 
medical professions and suggested similar persistence rates, other research indicates that 
differences in persistence and graduation rates contribute to the limited supply of minorities in 
STEM fields. Using data from the Beginning Postsecondary Students Longitudinal Study and a 
nationally representative sample of undergraduates at four-year institutions, Anderson and Kim 
(2006) examined differences in persistence between underrepresented minorities, Whites, and 
Asian American students. The descriptive results indicated that African American and Hispanic 
students enter college as STEM majors at rates similar to Whites and Asian American students 
and persist initially,  but graduate at lower rates within six years (Anderson & Kim, 2006). 
Students who initially declared STEM majors persist through the first three years of college at 
similar rates across racial/ethnic groups. However, disparities emerge after the third year as 
African American and Hispanic students graduate from these fields at lower rates than their 
White and Asian American peers. 
From an institutional perspective, Bonous-Hammarth (2000), used data from the 
Integrated Postsecondary Education Data System (IPEDS) and the Cooperative Institutional 
Research Program (CIRP) to examine how personal and organizational factors influence student 
retention in STEM majors. In this analysis, the author suggests that the limited number of 
students in STEM fields is partially because more students are leaving STEM majors while they 




Furthermore, underrepresented minorities are the largest group of students who “leave” STEM 
fields, and the smallest group of students who migrate into these areas. Bonous-Hammarth 
(2000) notes that pre-college success (i.e. high school GPA and SAT math score) is positively 
related to continuous enrollment in STEM fields for minorities. Also, early intentions of 
majoring in a STEM field were positively related to retention. 
Because of the potential for pre-college academic preparation barriers to impede 
successful outcomes in STEM fields, some scholars have endeavored to understand the factors 
that influence persistence amongst high achieving minority students who have had greater access 
to educational resources. For example, Grandy (1998) examined the factors that influence the 
persistence of high-ability minority students in the sciences. The author restricted the study to 
minority students who earned high math scores on the SAT in order to focus the analysis on 
students with the prior academic training necessary to pursue science degrees and careers. In 
addition to data from the SAT and the affiliated Student Descriptive Questionnaire, the author 
also employed survey methods to gather additional information about students two years and five 
years following high school graduation. Structural equation modeling was used to fully examine 
how various factors influence persistence directly and indirectly. The results indicated that while 
high school achievement in math and science had a significant indirect influence on persistence 
even amongst high achieving minority students, affective characteristics such as students’ 
ambitions, degree of commitment to the sciences, and access to support from other minorities 
were stronger determinants of persistence in the sciences. With regard to gender differences, 
high achieving minority women were less likely to persist in the sciences compared to their male 




factors besides academic achievement influenced women’s lack of persistence (e.g., lower levels 
of science ambitions). 
STEM Pipeline Interventions. Given the need to establish a diverse pool of students in 
STEM, a number of policy initiatives have been developed to increase students’ interest, 
participation, and educational advancement in these fields. For example, the White House 
Educate to Innovate Initiative was implemented to enhance the United States’ national capacity 
in STEM. This initiative promotes STEM teaching improvements, partnerships with the private 
sector, federal investment in STEM, and efforts to diversify these fields (White House, n.d.). 
Similarly, the Association of American Universities Undergraduate STEM Education Initiative 
was launched to improve teaching and learning in STEM at the college level (Association for 
American Universities, n.d.).  
At the institutional level, many colleges and universities have developed interventions 
with similar ambitions to (1) increase the pipeline to STEM profession and (2) facilitate positive 
STEM outcomes— particularly future graduate work. Research indicates that interventions can 
help to promote positive college outcomes directly and indirectly for students from 
underrepresented groups and others (e.g. Bauer & Bennett, 2003; Hunter, Laursen & Seymour, 
2006; Lopatto, 2004, 2007; Maton, Domingo, Stolle-McAllister, Zimmerman & Hrabowski, 
2009; Pender, Marcotte, Domingo & Maton, 2010; Yauch , 2007).  
A number of studies examine how interventions influence students’ post-baccalaureate 
decisions. The Meyerhoff Scholars Program is a comprehensive program that has been highly 
praised for increasing underrepresented minority students’ participation in STEM fields (e.g. 




Domingo & Maton, 2010). It was founded in 1989 at the University of Maryland Baltimore 
County with an objective to increase the number of minority students that pursue a PhD in a 
STEM area or a MD/PhD. As of January 2013, alumni from the program have earned 108 PhDs, 
32 MD/PhDs and 105 MDs (UMBC Meyerhoff Scholars Program, n.d.). Also, Meyerhoff 
students are about five times more likely to have earned or worked towards a STEM PhD or 
MD/PhD than similar peers (UMBC Meyerhoff Scholars Program, n.d., Maton et al, 2009). 
Using longitudinal data from the Meyerhoff Program, Pender and colleagues (2010) used 
multivariate techniques to investigate the relationship between summer research internships and 
graduate work in STEM fields. This analysis controlled for important student characteristics such 
as academic exposure, research characteristics and cohort effects. Overall, the results indicated 
that such internships are positively related to enrollment in STEM PhD programs. The magnitude 
of the effect differed according to the number of summers that students participated in the 
intervention. Also, timing was critical. Internship experiences during any summer besides the 
summer following the freshman year was positively related to enrollment in a STEM PhD 
program. Other research has highlighted positive STEM outcomes affiliated with the Meyerhoff 
Scholars Program (Maton et al, 2009; Maton & Hrabowski, 2004; Maton, Hrabowski, & Schmitt, 
2000; Maton, Pollard, McDougall & Hrabowski, 2012). 
Yauch (2007) examined how interventions influence post-baccalaureate plans for 
undergraduate students in industrial engineering. While the research did not focus specifically on 
underrepresented students, it highlighted ways in which interventions can have a positive effect 
on students’ plans for graduate study. The author surveyed 61 alumni from the Industrial 
Engineering and Management (IEM) program at Oklahoma State University. The respondents 




(UGRAs) funded by the National Science Foundation (NSF), (2) enrollees in an undergraduate 
research methods course, and (3) alumni who graduated with IEM degrees, but did not complete 
the methods course or serve as UGRAs. The latter group of students served as a comparison 
group. The results of this descriptive analysis indicated that undergraduates with research 
methods training were more likely to plan to attend graduate school than their other peers in the 
study. Yauch (2007) also found that there was no difference in graduate school plans between 
UGRAs and the non-research comparison group, but noted that the financial incentive affiliated 
with the summer research opportunity may have resulted in sample selection bias issues. The 
author also noted that a small proportion of students who expressed interest in graduate work 
attributed that decision to the actual undergraduate research experience. However, the author 
suggested that the encouragement from faculty received as a result of these research experiences 
could play a significant role. 
Similar to Yauch (2007), Bauer and Bennett (2003) also conducted a campus level 
analysis of how interventions influence students’ plans to graduate and to pursue doctoral 
studies. Again, this research did not focus on underrepresented students specifically, but it 
indicated the positive effects that interventions can have on students’ plans to pursue doctoral 
work. The authors surveyed 2,444 alumni from the University of Delaware which was 
recognized by the NSF for its longstanding, institution-wide undergraduate research program. 
Respondents included 865 graduates who participated in undergraduate research opportunities 
and were matched with other alumni who had similar characteristics (i.e., major, graduation year, 
grade point average (GPA)) but did not participate in undergraduate research. The authors used 
probit analysis and controlled for students’ academic achievement. The results indicated that the 




graduate degree. In fact, undergraduate research participants had a probability of attending 
graduate school that was 67 percent compared to 57 percent for their peers without research 
experience. Furthermore, research program participants were twice as likely to pursue a PhD as 
non-participants. 
Lopatto (2004, 2007) evaluated the Howard Hughes Medical Institute grant-funded 
undergraduate research opportunities programs which operated at 41 different institutions 
including research extensive universities, master’s level institutions and colleges. The author 
surveyed 1,135 undergraduate students who participated in the programs during late Summer and 
Fall of 2003. About a third of respondents were underrepresented minorities. Similar to Yauch’s 
(2007) research, Lopatto (2004, 2007) found that very few students without prior interest in 
graduate work were influenced to consider this path as a result of their research experiences. This 
finding is also validated by other research (Hunter, Laursen & Seymour, 2006; Russell, Hancock 
& McCullough, 2007). However, nearly all of the students indicated that their experiences in the 
programs helped to maintain or increase their interest in graduate study (Lopatto, 2004, 2007). 
Also, the program participants experienced gains in intrinsic motivation and active learning 
(Lopatto, 2007). 
On an even broader scale, NSF co-sponsored a nation-wide evaluation of NSF-supported 
undergraduate research programs (Russell, Hancock & McCullough, 2006; Russell et al, 2007). 
One of the primary objectives of this research was to determine how: (1) research exposure 
influenced students’ academic and career decisions and (2) research programs influenced student 
subgroups differently. A total of approximately 15,000 respondents were surveyed using web-
based instruments. The sample included NSF-program participants at the undergraduate, 




following: individuals between the ages of 22 and 35 with a bachelor degree in a STEM field, 
and individuals between the ages of 22 and 35 with a bachelor degree in a social, behavioral or 
economic science. Four groups of students are considered: (1) NSF program participants, (2) 
undergraduates whose research programs were partially funded my NSF, National Aeronautics 
and Space Administration (NASA), or National Institutes of Health (NIH), (3) undergraduates 
with research experiences not sponsored by those agencies and (4) undergraduates with no 
research experience. 
Similar to Yauch (2007) and Lopatto (2004), the descriptive results of this analysis 
indicated that undergraduate researchers in STEM fields were more likely than their non-STEM 
peers to develop PhD aspirations during their pre-college experiences (Russell et al, 2006). 
However, the authors also suggested that participation in undergraduate research opportunities 
increased students’ interest in STEM careers, students’ likelihood of actually obtaining the PhD, 
and their confidence in their abilities to conduct research. Those research experiences also 
increased students’ awareness of what graduate school was like (Russell et al, 2006, 2007). Also, 
the author noted that, among STEM graduates, students with longer durations of undergraduate 
research were more likely to report expecting to obtain a PhD. However, given that many 
students developed these aspirations in high school or before, it is hard to disentangle the 
influence of program participation and pre-college expectations on student graduate degree 
plans. With regard to the effects of research experiences for different types of students, Russell 
and colleagues (2006) found that the programs’ effects were the strongest for Hispanic/Latino 
students and the weakest for non-Hispanic Whites, although most group differences by 
race/ethnicity were small. There were no differences in effects by gender. In reference to self-




programs indicated that their experiences increased their confidence in their research skills and 
ability to succeed in graduate school.  
Financial Role Strain: Objective Barriers and Subjective Appraisals 
While each of the previous studies provided interesting information regarding how 
interventions promote positive outcomes in STEM fields, none of them considered how other 
important factors combine with interventions to influence those outcomes. In this section, I 
discuss how students’ objective financial barriers and subjective financial threats can deter 
college success. Both of these factors can also influence intervention outcomes for 
underrepresented students—particularly those with financial constraints. The broader literature 
concerning these financial barriers and threats does not speak to issues in STEM fields 
specifically. However, it does provide insight concerning the financial strains that many students 
must overcome regardless of their major. Accordingly, this research provides useful information 
about the financial challenges that students may experience in STEM fields which can also 
impact intervention outcomes in addition to the intervention itself. 
An early study by Goode (1960) defines role strain as “felt difficulties in fulfilling role 
obligations” (p. 483). Similarly, Bowman (2006) refers to role strain as “the objective difficulty, 
and cognitive appraisals of such difficulty, that people in highly valued life roles (student, 
worker, family, elder, etc.) experience” (p. 120).  With this definition, Bowman highlights both 
the objective challenges that individuals encounter in a particular role, as well as the subjective 
threats that can result from those objective challenges. In doing so, the author emphasizes the 
importance of both the objective and subjective elements of role strain.  While objective role 




theoretical evidence also supports subjective role strain’s importance, including role distress, role 
discouragement, role attributions, overload, ambiguity and conflict (Bowman, 2006, 2011).  In 
addition to role strain, Bowman’s comprehensive role strain and adaptation model also focuses 
on the importance of considering adaptive strengths that operate systematically to offset the 
deleterious effects of role strain. 
 Relating the role strain construct to the financial challenges that college students 
encounter, financial role strain represents the objective difficulties that students experience 
fulfilling role obligations because of financial constraints. This strain also includes related 
cognitive or subjective threats that students may encounter because of objective financial 
difficulties. Therefore, within the college context, financial role strain represents the objective 
and subjective challenges that students encounter due to financial hardships which can 
potentially serve as impediments to college success. Examples of these would include poverty or 
the lack of financial resources to pay for college (objective financial role strain) and the resulting 
concerns or stress about college costs (subjective financial role strain). In the following sections, 
I discuss objective financial barriers and related public policies designed to reduce financial 
burdens. I also discuss how students’ subjective appraisals of these objective burdens can 
negatively influence college outcomes. 
Objective Financial Role Strain and Related Public Policies. With recent decreases in 
public funding, many institutions are increasing their reliance on tuition to cover the cost of 
higher education. As a result, students and families are responsible for a growing share of the 
costs for attending college (Blumenstyk, 2011; Desrochers & Wellman, 2011). Given these 
funding challenges, a number of students experience considerable financial strain while attending 




college attendance (e.g. Belley & Lochner, 2007). Although some literature discusses the 
importance of students’ subjective appraisals of financial obstacles (Brazziel & Brazziel, 2001; 
St. John, 2003, 2006; St. John, Hu & Fisher, 2011; St. John & Musoba, 2010), much of the 
literature concerning financial role strain focuses on the objective financial barriers that students 
face . In the policy-relevant literature, there is substantial empirical evidence that objective 
financial difficulties often impede college success (e.g., Braunstein, McGrath & Pescatrice, 
1999; Millet, 2003; Paulsen & St. John, 2002; Perna, 2000; St. John, Paulsen & Starkey, 1996). 
Accordingly, various policies have been implemented to address these issues and to help 
improve college outcomes—particularly for lower-income students. For instance, within the 
literature, there is evidence that some grant aid improves students’ opportunities to attend 
college—perhaps even more than other forms of student financial aid (Dynarski, 2003; Leslie & 
Brinkman, 1987; Schwartz, 1985, 1986). The literature also suggests that the impact of means-
targeted grants on college access is more prevalent for students from lower-income families than 
for students who have greater financial resources (Leslie & Brinkman, 1988; St. John, 1990; St. 
John & Noell, 1989). With regard to enrollment by race, there is evidence that grants can 
increase the college participation of underrepresented minorities—particularly Black students 
(Jackson, 1989, 1990; St. John & Noell, 1989).  
It is important to note that grants come in different forms. Most grant aid programs 
generally fall into one of two categories—need-based and non need-based aid. While non need-
based aid is generally merit-based and does not specifically target students who struggle 
financially, need-based aid is designed to help alleviate some of the financial burdens that lower-
income students experience in college. Accordingly, need-based financial aid is particularly 




the literature concerning the Pell Grant is mixed with regard to how this form of aid has 
influenced access for lower-income students (Clotfelter, 1991; Gladieux, 1983; Hansen, 1983; 
Kane, 1999; Manksi & Wise, 1983; McPherson & Schapiro, 1991, 1993, 1998). These disparities 
may be due to methodological differences in the research and changes in Pell funding over time. 
At the state level, the literature concerning need-based aid consistently indicates that this form of 
public spending produces positive outcomes in college participation. At both the federal and state 
levels, there is evidence that the influence of need-based aid varies by income level with lower-
income students benefiting the most (Jensen, 1983; Leslie & Brinkman, 1988; Manksi & Wise, 
1983; McPherson & Schapiro, 1993, 1998; St. John & Chung, 2006). Few studies examine the 
influence of need-based aid on college access for underrepresented students. However, studies 
that focus on this topic suggest that this form of assistance has helped to open doors for these 
students (e.g. Kane, 1994). Also, research that considers overall enrollment patterns substantiates 
this relationship (Heller, 1997, 1999). 
In addition to strictly need-based and non need-based student aid, there are also policies 
emerging at the state level which incorporate both need and academic merit components (i.e., 
hybrid student aid programs). While the Pell Grant and similar need-based aid programs are 
based on income, hybrid aid programs target lower-income students who meet some specific 
academic benchmarks. Accordingly, these programs are designed to reduce financial role strain 
for students who have exhibited a particular level of academic achievement.  Examples of these 
programs include the Twenty First Century Scholars Program and the CalGrant Program (St. 
John, Fisher, Williams & Daun-Barnett, 2008; St. John, Musoba & Simmons, 2003; St. John, 
Musoba, Simmons & Chung, 2002; St. John, Musoba, Simmons, Chung, Schmit & Peng, 2004). 




strictly based on indicators such as standardized test scores, hybrid programs have provided a 
more efficient means for expanding college access for lower-income students and 
underrepresented minorities (Kane, 2003; Musoba, 2004; St. John, 2004; St. John, Musoba, 
Simmons & Chung, 2002). 
Subjective Financial Role Strain and College Outcomes. While much of the financial 
aid literature focuses on objective financial barriers, there is some literature that acknowledges 
students’ subjective responses to objective barriers by discussing how college cost concerns 
influence success (Brazziel & Brazziel, 2001; St. John, 2003, 2006; St. John, Hu & Fisher, 2011; 
St. John & Musoba, 2010). For lower-income students, these concerns manifest at earlier stages 
along the education continuum as students begin to prepare for college (U.S. Department of 
Education, 2002). As a result, programs such as the Washington State Achievers, Gates 
Millennium Scholars and the Twenty First Century Scholar Program were established to expand 
college opportunities for lower-income students. These programs provide financial aid to 
alleviate concerns about college costs that can hinder students’ plans, preparation for and success 
in higher education (St. John, Hu & Fisher, 2011). The literature regarding college cost concerns 
represents an emerging body of work which highlights how students’ cognitive appraisals of 
objective barriers can negatively influence outcomes. 
The Advisory Committee on Student Financial Aid (2010) provided additional insight 
concerning how students’ subjective reactions to financial barriers negatively influence college 
access and degree attainment. This policy report focused on students who at least met the 
minimal requirements for college attendance, and the data suggested that college-qualified 
students from low and moderate income families attended college and graduated at decreasing 




from 54 percent to 40 percent for low-income students, and from 59 percent to 53 percent for 
students from families with moderate incomes.  The research suggested that the cause of this 
drop was largely due to college cost concerns. In 2004, 88 percent of parents and 73 percent of 
students from low-income families indicated that financial aid was very important in the college 
decision-making process. These estimates were 77 percent and 61 percent for parents and 
students from moderate-income families, respectively. This analysis also indicated that 
subjective financial role strain negatively influences college persistence. The five-year 
persistence rates of low and moderate-income students trailed those of their higher income peers.  
St. John, Paulsen, and Starkey (1996) used data from the National Postsecondary Student 
Aid Study and logistic regression techniques to examine the financial nexus between persistence 
and choice (i.e. how the financial concerns which influence students’ college selection process 
also impact their later persistence). The study considered college-choice decisions based upon 
monetary concerns and other fiscal elements such as financial aid, tuition, housing and living 
costs. This analysis provides some insight about how both subjective and objective aspects of 
financial student role strain influence within year persistence at four-year institutions (i.e. 
persistence from the Fall semester to the Spring semester). The research suggested that students 
who selected colleges largely because of concerns about low tuition costs were less likely to 
persist in college. There was a 1.4 percentage point decrease in persistence for students whose 
college selection process was driven by low tuition compared to students who did not indicate 
that low tuition was important. Therefore, students with higher subjective financial strain also 
had lower persistence. Furthermore, controlling for other important factors, increases in tuition, 




these costs represent increases in students’ objective financial role strain, these findings also 
provide support for the deleterious effect of these barriers on successful college outcomes.  
Informed by financial aid research, the student persistence literature provides some 
insight about the influence of objective and subjective financial strain on college success (Bean, 
1982, 1985; Bean & Metzner, 1985; Cabrera, Castaneda, Nora & Hengstler, 1992; Cabrera, 
Stampen, & Hansen, 1990; Mallette & Cabrera, 1991). For instance, Cabrera, Nora and 
Castaneda (1992) examined how constructs from the financial aid and persistence literature 
relate to the college persistence process in order to provide a deeper conceptual understanding of 
how and why finances influence college persistence. This analysis employed structural equation 
modeling and institutional data from a large, commuter, urban institution. Furthermore, it 
included both subjective and objective aspects of students’ ability to pay for college. Students’ 
financial aid awards represented objective financial factors. Subjective factors included students’ 
satisfaction with the amount of financial support from grants, loans, families, and employment. 
The authors found that both objective and subjective student finance had significant effects on 
persistence.  These effects were mediated by other important factors such as GPA, social 
integration, academic and intellectual development, and intent to persist. Similar research has 
supported the direct and indirect influence of objective and subjective financial factors on 
college persistence using institutional and large-scale data sets (Cabrera, Nora & Castaneda, 
1993; Cabrera, Stampen, & Hansen, 1990). 
Subjective financial role strain is also important to consider in order to better understand 
outcomes in STEM, specifically. Brazziel and Brazziel (2001) conducted an exploratory, 
qualitative analysis of 12 undergraduate minority students in science and engineering to gain 




instead, pursued corporate or other fields. While the authors indicated that a number of factors 
influenced students’ decision (i.e., shortcoming in advisement, concerns about future 
employment opportunities, etc.), they also acknowledged that some underrepresented minorities 
decide not to pursue doctoral work in science and engineering because of concerns about (1) 
their ability to afford graduate school  and (2) employment opportunities after completing 
graduate school. Similar research also notes that high achieving college students in STEM forego 
graduate school in favor of employment because of concerns about the financial debt that they 
incurred while completing their undergraduate education (as cited in Brazziel & Brazziel, 2001). 
This analysis highlights how subjective financial threats can impede successful graduate 
outcomes in STEM fields, even among students who are academically prepared. 
Academic Role Strain: Objective Barriers and Subjective Appraisals.  
Relating the role strain construct to students’ academic challenges, academic role strain 
refers to the objective difficulties that students encounter due to a lack of academic exposure, and 
students’ subjective appraisal of those difficulties. This includes students’ limited access to the 
courses needed to prepare for college, as well as their cognitive reactions to those objective 
challenges (i.e. their beliefs about their academic skills). In the next section, I discuss the 
relationship between academic role strain and college outcomes, beginning with an outline of 
various public policies designed to address these issues. I then discuss how objective indicators 
of academic achievement and exposure influence college access for many students. Finally, I 
highlight the literature concerning subjective academic role strain and college outcomes. 
Although much of the literature discussed is not specifically related to underrepresented students 
or STEM outcomes, it highlights the academic challenges that many of these students have who 




Academic Preparation, Public Policy and Role Strain. Students’ academic role strain 
throughout the education continuum has the potential to impede successful outcomes in STEM 
and other fields (Museus, Palmer, Davis & Maramba, 2011). As a result, many states are making 
various reforms in their K-12 systems in order to increase academic preparation and thereby 
decrease students’ academic role strain. The logic in support of these policies is that 
implementing reforms such as requiring additional math courses or exit examinations will supply 
students with the academic exposure needed to be successful in college. Previous research has 
suggested a positive relationship between students’ high school preparation and their college 
outcomes (e.g., Adelman, 1999, 2006; DeBerard, Spielmans & Julka, 2004; DesJardins, McCall, 
Ahlburg, & Moye, 2002; DesJardins & Lindsay, 2008; Hearn, 1988; Horn & Kojaku, 2001; Horn 
& Nunez, 2000; Rose & Betts, 2001; St. John, 1991). This relationship provided the basis for the 
academic preparation rationale which focuses on reforming K-12 education in order to increase 
students’ college success. This approach has been criticized for ignoring (1) how education 
reforms may negatively influence high school graduation rates and (2) the importance of 
financial aid with regard to college outcomes (St. John, 2006). 
A number of policies have been implemented in support of the academic preparation 
rationale. St. John and Musoba (2006) noted that the following policy shifts can be attributed to 
states’ increased focus on preparation:  
 Offering honors diplomas to students who meet certain curriculum requirements 
 Adopting National Council of Teachers of Mathematics (NCTM) math standards 
 Increasing high school advanced placement offerings 





 Encouraging students to take college admissions exams 
Although these policies have often been widely implemented, they were not generally 
accompanied by increases in educational expenditures (St. John & Musoba, 2006).  
Given the increased concerns about the relationship between high school academic 
preparation and college outcomes, a number of studies examine how various indicators of high 
school achievement influence college outcomes. Specifically, a number of scholars have 
considered how students’ high school grade point average (HSGPA) and SAT scores are related 
to their college success (e.g., Adelman, 1999, 2006; DeBerard, Spielmans & Julka, 2004; 
DesJardins, McCall, Ahlburg, & Moye, 2002; DesJardins & Lindsay, 2008; Hearn, 1988; Horn 
& Kojaku, 2001; Horn & Nunez, 2000; Rose & Betts, 2001; St. John, 1991). 
The predominant perspective of the literature suggests that students’ achievement and 
academic exposure in high school provides a fairly good indication of their later success in 
college. For example, DeBerard, Spielmans and Julka (2004) surveyed 204 freshmen 
undergraduate students at a private, west coast university and used multiple linear regression to 
examine how prior academic achievement influenced college grade point average (CGPA). 
Unlike previous studies that focused primarily on prior academic achievement, these authors 
used a multidimensional model that also considered the various risk factors related to student 
success in college. In addition to high school achievement, the authors also considered various 
psychosocial factors in their analysis including quality of life, social support and coping. The 
analysis indicated a significant, positive relationship between students’ prior academic 
achievement and CGPA. Specifically, for each unit increase in students’ HSGPA, the CGPA 
increased by .52 points. Similarly, a unit increase in SAT total score increased CGPA by .14 




achievement, coping mechanisms that focused on self-blame had a negative influence on 
achievement. One average, the CGPA increased by .11 points for each unit increase in social 
support. Also, the CGPA decreased by .14 points for each increase in the self-blame coping 
measure.  
Although, in general, students’ HSGPA and SAT scores help to predict their success in 
college, a lot of controversy surrounds the excessive focus on standardized test scores in the 
college selection process. This is largely due to:  
 Positive correlations between SAT score and family income (Graham & Husted, 1993; 
Supiano, 2009) 
 Gap in scores across various racial/ethnic groups (Gose & Selingo, 2001; Hacker, 1992; 
Jencks & Phillips, 1998; Supiano, 2009) 
 A systematic lack of opportunities and resources that many students encounter in high 
school which affect their ability to prepare for standardized tests (Ferguson, 1998; Jencks 
& Phillips, 1998) 
 Standardized test scores being used as indicators of school quality; thus, students who 
attend poorer quality schools are inadvertently disadvantaged in the college admissions 
process (St. John, 2011). 
Despite the controversy concerning standardized testing, many institutions continue to rely 
heavily on SAT and ACT scores when crafting their incoming cohorts. Also, popular opinion 
continues to use these measures to define merit in higher education (Bollinger, 2002; Kirn, 2009; 
Salins, 2008). Given the positive relationship between standardized test scores and the 
opportunity structure within high schools, the scores can provide good indicators of the academic 




Subjective Academic Role Strain and College Outcomes. The general slant of the 
literature suggests that students who take more difficult classes in high school (i.e., those with 
higher levels of academic exposure and lower levels of objective academic role strain) are more 
likely to be more successful in college. For example, Hearn (1988) used multivariate linear 
regression techniques and data from High School and Beyond to determine the differences in 
enrollment between students who completed a college preparatory track in high school and those 
who completed a general or vocational track. This research controlled for various other student 
characteristics (race, gender, SES, number of siblings, etc.) and the results indicated that students 
completing a college preparatory track instead of a vocational and general education track 
improved the probability of college attendance between .16 and .20. The level of improvement 
depended on the enrollment timeframe considered in the analysis and the type of institutions 
included.  Other studies have also indicated that high school academic preparation is positively 
related to college enrollment (Horn & Nunez, 2000; King, 1996; St. John, 1991), persistence 
(Horn & Kojaku, 2001) and degree attainment (Adelman, 1999, 2006; Rose & Betts, 2001).  
While studies concerning high school preparation provide insight about objective 
academic barriers, the literature pertaining to academic stress illustrates how subjective academic 
threats can negatively influence college outcomes. Smedley, Myers and Harrell (1993) used a 
multidimensional stress coping model and hierarchical regression analysis to examine how stress 
that is specific to minority groups influences college academic achievement. The authors used 
survey data from a large, predominantly White institution for their analysis. The questionnaire 
was administered to freshman students and included information about a number of academic, 
psychosocial and background characteristics. The final analysis sample included 161 minority 




strain can negatively influence college outcomes for students of color. The research suggested a 
positive relationship between prior academic preparation (i.e., HSGPA and SAT score) and 
CGPA. Thus, students with lower objective academic barriers experienced higher levels of 
achievement in college. The authors also noted that the subjective academic threats experienced 
by minority students in particular (i.e., strain related to academic achievement) had a deleterious 
effect on college achievement even after accounting for other aspects of role strain that all 
students may encounter. This relationship remained after controlling for objective academic role 
strain (i.e., prior academic achievement).  
Struthers, Perry and Menec (2000) examined the relationship between subjective 
academic threats and college success. The authors used structural equation modeling to examine 
the influence of academic stress, motivation and coping styles on college performance. This 
study included 203 college students from various disciplines who were enrolled in an 
introductory psychology class. Subjective academic role strain was defined in terms of the 
degree of academic stress that students experience (i.e., feeling worried, helpless or stressed 
about their academic performance). The research suggested that subjective academic role strain 
has a direct inverse relationship with college achievement. The authors also noted that the 
influence of academic stress on college performance is mediated by students’ emotion-focused 
and problem-focused coping strategies, as well as motivation. Other literature supports the 
negative relationship between subjective academic threats and college academic performance, 





Multilevel Strengths: Personal and Family 
Literature suggests that personal resiliency and family support are strengths that can 
promote successful college outcomes for underrepresented students. The empirical evidence 
indicates that indicators of personal resiliency such as self-efficacy (Rutter, 1987) positively 
influence various college outcomes including academic performance, STEM major choice and 
STEM degree goal-orientations (e.g. Aitken, 1982; Brainard & Carlin, 1998; Chemers, Hu & 
Garcia, 2001; DeBerard, Spielmans & Julka, 2004; Lent, Brown & Larkin, 1984, 1986; 
Zimmerman, Bandura & Martinez-Pons, 1992). These relationships exist even when accounting 
for prior academic achievement (Chemers, Hu & Garcia, 2001; Lent, Brown & Larkin, 1984, 
1986; Zimmerman, Bandura & Martinez-Pons, 1992). The literature also suggests that 
community support positively influences college outcomes (Aitken, 1982; Brainard & Carlin, 
1998; DeBerard, Spielmans & Julka, 2004). This includes support from family, friends, and 
significant others. However, the findings are somewhat mixed concerning the relationship 
between social support from peers and successful college outcomes (Aitken, 1982; Brainard & 
Carlin, 1998). This is likely due to the varying nature of peer interactions on college campuses. 
The following sections outline the literature concerning personal and family strengths and how 
they relate to positive outcomes in college. Given the relationships between multilevel strengths 
and student outcomes discussed in the literature, the evidence suggests that interventions which 
emphasize the development of these strengths may be more efficacious than those which lack 
such an emphasis.  
Personal Resiliency. Personal resiliency is defined at a person’s ability to bounce back 
and thrive in the face of adversity (Bowman, 2013). A number of scholars have studied resiliency 




academic success (e.g. Floyd, 1996; Gonzales & Padilla, 1997; McGee, 2009). Each of these 
scholars note that students of color have been able to employ protective mechanisms to achieve 
their academic goals when confronted with adversity. Given the positive relationship between 
resiliency and academic success, many scholars have endeavored to better understand the 
characteristics of resilient students from underrepresented groups and the factors that promote 
these students’ resilience. 
Gonzales and Padilla (1997) employed survey research methods, t-tests and analysis of 
variance to examine the factors that contributed to academic resilience among high school 
students who self-identified as Mexican, Mexican American or Chicano in three California high 
schools. Resilient students were defined as those with self-reported grades that were mostly A’s. 
The results of this analysis indicated that resilient students reported having higher levels of 
perceived support in academic environments, and a sense of belonging to school.  More 
specifically, resilient students indicated more family and peer support, feedback from teachers, 
and positive ties to school. Resilient students also placed a higher value on school and had a 
greater sense of belonging amongst peers. 
Floyd (1996) studied a similar phenomenon among African American high school 
students in particular. This research focused on high school seniors from impoverished 
backgrounds and the protective mechanisms that contributed to their resiliency despite adversity.  
The author employed qualitative methods, interviewing 20 students who had taken at least one 
college preparatory class and qualified for college entrance. The author found that familial 
support in a nurturing home environment; support from educators and other adults; perseverance 




McGee (2009) studied resilience amongst minority students in STEM fields at the college 
level. This study examined the factors that contributed to the success of high achieving, Black 
students in mathematics and engineering, specifically. The author employed counter narrative 
storytelling and case study analysis qualitative methods. Twenty-three advanced undergraduate 
students and graduate students were included in the study. The results indicated that high 
academic achievement was a protective factor which helped to counterbalance risks that could 
potentially impede Black students’ college success in math and engineering. Two types of 
resilience emerged among these high achieving STEM students: (a) fragile resilience where 
students employed high-achievement strategies that were motivated by others’ expectations (e.g., 
challenging racial stereotypes about Black students’ abilities, or appeasing parental expectations 
for achievement); and (b) robust resilience which was internally developed. Characteristics of 
students with robust resilience included developing relationships with like-minded individuals; 
having a genuine appreciation for math and engineering disciplines; and desiring to serve as role 
models for other Black students. 
Family Support. Collectively, each of the studies outlined previously illustrate how 
personal resiliency among underrepresented students can promote academic achievement at 
various points along the education pipeline. In addition to resilience, the literature also suggests 
that family support is another strength that promotes successful college outcomes. In particular, 
some of the persistence literature underscores this relationship (e.g. Bean, 1980, 1982; Nora & 
Cabrera, 1996). Cabrera, Nora and Castaneda (1996) examined how family support influences 
persistence, among other factors.  Specifically, the authors used institutional data from a large, 
southern, urban institution and structural equation modeling to investigate how encouragement 




analysis indicated that encouragement from family and friends had a positive influence on 
persistence which operated through academic integration and institutional commitment. 
Accordingly, this analysis highlights how such supports can positively influence college 
outcomes. Other studies within the persistence literature also support these findings (e.g. 
Cabrera, Nora & Castaneda, 1992; Cabrera, Stampen & Hansen, 1990). 
A study by DeBerard, Spielmans and Julka (2004) provides additional evidence about the 
positive relationship between family support and college outcomes. While this research focused 
primarily on the relationship between various risk factors (e.g. drinking, smoking, maladaptive 
coping strategies) and student achievement in college, it also examined the role of social support. 
The authors conducted an institutional analysis of 204 undergraduate students in introductory 
psychology and sociology classes at a private, west coast university. The student surveys were 
distributed during the first week of school. The authors examined the influence of total social 
support (i.e. support from family, friends and significant others) on college grades. The findings 
indicated that support had a positive relationship on students’ academic performance. 
Other research also emphasized the role of family and peer support in promoting positive 
outcomes in college. Aitken (1982) used theory-informed structural modeling and ordinary least 
squares-multiple regression to explore the factors that influence student performance, retention, 
and other important success indicators. This analysis employed institutional data for 892 first-
year students from the University of Massachusetts. In addition to data about students’ prior 
academic achievement, the authors also used data concerning students’ demographic 
background, academic, social and residential experiences.  The results of the analysis indicated 
that family support had a positive influence on students’ academic performance even after 




satisfaction. While this research suggested a positive relationship between family support and 
student academic achievement, the results differed for peer support. The research indicated a 
negative direct relationship between student achievement and social support from peers. 
However, the authors also noted that students’ social interactions were critical elements for other 
outcomes. For example, these interactions had a positive indirect impact on student retention, 
mediated by student satisfaction. 
Brainard and Carlin (1998) examined how organizational support combines with family 
support to encourage successful outcomes for women in STEM. The authors conducted a 
longitudinal study of women in engineering and science at the University of Washington and 
tracked students through their academic careers to examine the factors that influenced retention 
rates. A total of 672 students who expressed an interest in science or engineering upon college 
entry were included in the analysis. The authors employed step-wise logistic regression 
techniques. Although this analytic approach has theoretical limitations, the findings provided 
support for the relationships that theory suggest. Similar to previous research concerning STEM 
interventions, the authors’ findings indicated that the Women in Engineering Program and the 
Society for Women in Engineering, both of which were designed to provide students with 
support networks, had a positive influence on female persistence in science and engineering. 
Additionally, family support was positively related to persistence. Collectively, these results 
emphasized the positive relationship between social support and success in college. With regard 
to personal strengths, this study also highlighted the relationship between confidence and 
persistence. The authors noted that the most important perceived barrier to persistence was a 




an increasingly important factor for promoting persistence in STEM fields. The study also noted 
the negative impact that financial issues (i.e. financial role strain) can have on persistence.  
Theoretical Framework: Bowman Role Strain and Adaptation Model 
The aforementioned literature discussed how various factors can influence student 
outcomes in college including STEM interventions, financial and academic strain, and multilevel 
strengths. Most studies in these areas focus primarily on one of these factors without accounting 
for each of these elements simultaneously and their role in enhancing or impeding student 
success. No current research has examined how financial hardships, academic challenges and 
student strengths combine with an intervention to influence the STEM pipeline. Furthermore, no 
existing studies have examined these elements using sociological and psychological framing to 
better understand how they related to each other and successful student outcomes.  
The Bowman Role Strain and Adaptation Model (BRSAM) (see Appendix A) is a 
strength-based model that provides conceptual understanding and guidance about how social 
psychological factors; student role strain and affiliated coping strategies; and other background 
characteristics can combine with an intervention to influence college and career outcomes for 
underrepresented students in STEM fields (Bowman, 2011). This framework builds upon a 
growing body of literature that highlights the role of students’ strains and strengths on successful 
education and career outcomes (e.g. Astin, 1999; Bandura, 1986; Bean, 1985; Betz, 2007; 
Robbins, Lauver, Le, Davis, Langley & Carlstrom, 2004; Sedlacek, 2004; Tinto, 1993). The 
BRSAM acknowledges that interventions do not operate in isolation. Other characteristics that 
students bring to intervention settings influence the efficacy of the intervention itself. 
Accordingly, the model highlights that interventions function within a complex system of other 




the role of structured inequalities that students experience based on their social position (i.e. 
gender, racial background, economic status, etc.). These background characteristics impact the 
normative and non-normative social psychological risks that students experience at the personal, 
family/community and institutional levels. Furthermore, because of these inequalities, 
individuals may have to overcome particular strains in their roles as students. Bowman (2006) 
defines student role strain as the objective difficulties that individuals face in their role as 
students, as well as the affiliated cognitive/subjective appraisal of those difficulties. Accordingly, 
the role strain construct includes the objective barriers that students face, as well as the resulting 
subjective threats which they may encounter.  
The BRSAM notes that students can respond to role strain in multiple ways. They can 
adopt risky coping strategies which exacerbate existing barriers and threats. However, because 
the BRSAM is a strength-based model, the framework also notes that students can employ 
psychosocial strengths in response to role strain in order to promote positive outcomes. These 
strengths are also related to students’ social position and come from etic (i.e. universal) and emic 
(i.e. culturally-relevant) resources at multiple levels including the personal and 
family/community levels. Furthermore, students may acquire strengths that emerge from 
policy/institutional resources. Each of these factors (i.e. student role strain, coping strategies, 
psychosocial risk factors and multilevel strengths) intermingles with the intervention experience 
itself to influence successful educational and career outcomes. Informed by the BRSAM, the 
conceptual framework in Figure 2.1 guides this analysis.  
As Figure 2.1 illustrates, the framework for this analysis considers students’ multilevel 
strengths at two levels— personal and community. Students’ individual strengths are represented 




and psychological literature (Tusaie & Dyer, 2004). From a psychological perspective, resiliency 
can be broadly defined as an individual’s ability to achieve positive outcomes (i.e. positive 
adaptation) in the face of adversity (Bowman, 2013; Luthar & Cicchetti, 2000; Tusaie & Dyer, 
2004). A number of elements contribute to resiliency including personal, familial, and 
environmental factors (Bowman, 2013; Floyd, 1996; Gonzales & Padilla, 1997; McMillan & 
Reed, 1994). In addition to resiliency, this framework also considers how family support 
influences student success. 
This study also considers academic and financial student role strain, and how these 
factors can influence advanced STEM career plans. As previously noted, academic role strain 
refers to the academic difficulties that individuals experience as students. Aligned with the role 
strain and adaptation framework, this includes objective barriers such as limited prior academic 
preparation, as well as subjective threats resulting from objective barriers such as students’ lack 
of self-confidence about their academic abilities. Financial role strain is defined by objective 
financial challenges and the cognitive appraisal of those challenges that students must confront 
in pursuit of college success. Examples of these would be lower-income status and perceptions of 





















Figure 2.1. Conceptual Framework for the Influence of Multilevel Cultural Strengths, Student 
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This study uses a subset of data collected for a broader longitudinal study funded by the 
National Institute of General Medical Sciences at the National Institutes of Health. The 
overarching study is titled “A Multimethod Study of Exemplary Research Opportunity 
Interventions” and the principal investigator is Dr. Phillip J. Bowman. The data for this study 
includes undergraduate students who applied to the Committee on Institutional Cooperation 
Summer Research Opportunities Program (CIC SROP) and similar research programs. Other 
studies have examined the influence of CIC SROP on various post-baccalaureate outcomes 
including professional socialization, educational aspirations and graduate study (e.g. Davis, 
2005; Eatman, 2002; Foertsch, Alexander & Penberthy, 2000; Johnson, 2005).  
Although CIC SROP is not an intervention for students in STEM fields exclusively, the 
United States White House awarded it the prestigious Presidential Award for Excellence in 
Science, Mathematics and Engineering Mentoring for successfully mentoring students in these 
fields (Committee on Institutional Cooperation, 2008). Also, given that a number of students in 
CIC SROP and similar interventions study STEM areas, this research focuses specifically on a 
STEM-relevant outcome. Because CIC SROP and similar interventions play a prominent role in 




these programs may affect students with STEM majors, as well as Non STEM students who may 
be interested in the sciences, but are on the margins in terms of their major choice and future 
plans. Although the broader study includes multiple cohorts, sampled in four waves, this study 
focuses on a single cohort and data collected at three points in time—before summer research 
programs began or shortly thereafter,; the fall term following the summer research program; and 
during the second term of the academic year. Additional information regarding the overall cohort 
is available in Appendix B. 
Research Setting 
The data for this analysis comes from the CIC SROP which was initiated in 1986 and is 
currently active at each of the Committee on Institutional Cooperation (CIC) Institutions: The 
University of Illinois at Urbana-Champaign, the University of Iowa, the University of Michigan, 
Michigan State University, the University of Minnesota, Northwestern University, The Ohio 
State University, Pennsylvania State University, Purdue University, and the University of 
Wisconsin at Madison. The program is also active at the University of Illinois at Chicago and the 
University of Wisconsin at Milwaukee.  
Since its inception, the program has served over 9,000 students and its primary objective 
is to increase the number and diversity of students who attend graduate school and pursue 
research careers. CIC SROP was designed to serve the needs of students that are 
underrepresented in graduate education including minorities, first generation college students 
and those from lower-income families regardless of race. The CIC SROP targets second and 




work with a faculty mentor during the summer for eight to ten weeks and reside on campus. 
Students are expected to work forty hours a week and receive a stipend for their participation. 
Research Design 
This research project resulted from a collaboration between the CIC, the CIC SROP host 
campuses and the National Center for Institutional Diversity at the University of Michigan. This 
study utilizes panel survey data measured at three points in time— before summer research 
programs began or shortly thereafter, immediately following the programs, and during the 
second term of the academic year. Survey methods were used as a primary research approach. 
This approach was appropriate because it provided a useful means to describe, explain and 
explore characteristics and relationships in a population (Babbie, 1990). Furthermore, it proved 
to be a more effective way to contact students in geographically dispersed areas at the various 
CIC institutions 
In this study, all data was collected via web
3
 and there were 3 waves of data collection. 
The data includes information concerning students’ background, education and degree 
expectations, self-assessment of academic and leadership abilities, program experiences, 
educational interests, academic achievement, college preparation process, involvement on 
campus, and future goals. To ensure confidentiality, study participants were assigned unique 
identification numbers to identify students’ responses across the various survey instruments. 
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 While the study focuses on data collected via web, the overarching study employed multiple 





The research sample includes three types of students: (1) those who participated in the 
CIC SROP program during the summer of 2011 (N=196), (2) those who applied to CIC SROP 
and did not participate in the program, but instead participated in some other research 
opportunity program (OSROP) during the summer of 2011 (N=92), and (3) students who applied 
to CIC SROP, but did not participate in SROP or any other summer research opportunity 
program (No SROP; N=88). A single-stage sampling procedure was used to identify participants 
for the study. Both the summer research program participants and the non-participants were 
sampled in unity. 
The sampling frame for this research came from a number of sources. The names and 
contact information for CIC SROP participants were obtained from the CIC central 
administration office and the program coordinators at the majority of participating institutions. 
When information was not provided by the universities, program coordinators were asked to 
send recruitment emails to program participants. These emails contained a link to a web-based 
form where students that wished to participate in the study were asked to provide their names 
and contact information directly to the research team. 
Information about non CIC SROP students was also obtained in a similar fashion. The 
CIC administration office provided the names and contact information for students who applied 
to CIC SROP using the common application form, but did not participate. When the common 
application was not used, program coordinators were asked to send a recruitment email directly 
to the students where they could opt to participate in the study. The non CIC SROP students with 




responses to questions on the survey about summer research experiences. All study participants 
were college students who were at least 18 years old.  
Data Collection 
The data used for this study was collected at three time points. Data was initially 
collected during the summer of 2011, at the beginning of the summer research programs, or 
shortly thereafter (i.e. Time 1). Additionally, students were surveyed again during the fall term 
following the summer research program (i.e. Time 2). Finally, students were surveyed again 
during spring of 2012, after completing the summer research programs and the first term of the 
2011-2012 academic year (i.e. Time 3). Data were collected primarily through an online survey 
with some telephone interview follow-ups utilized to improve response rates.  Each instrument 
was initially pre-tested and reviewed by graduate and undergraduate students affiliated with the 
research team to ensure that each of the questions on the instrument was clear and ordered 
logically. For the 2011 survey cohort, a total of 646 students met the eligibility criteria for this 
study and gave informed consent to participate.  At time 1, we were able to collect data from 616 
students with active support from SROP coordinators at the 12 CIC campuses and a range of 
incentives for a 95% response rate. This included survey data from 314 CIC-SROP participants 
and 302 SROP applicants who applied by did not participate in SROP.  The demographic 
characteristics of both the CIC-SROP participants and Non-SROP participants are presented in 
Appendix B.  However, as in most longitudinal surveys, not all 616 Time 1 respondents 
answered all survey items at Time 2 and Time 3 which resulted in some missing data.  For 
example, a missing data analysis presented in appendix E compares survey respondents on major 
research variables who are missing with those not missing on STEM Research Career Plans at 




Participation in the study was completely voluntary. Students who agreed to participate 
were informed that the information they provided would help the researchers to better understand 
the factors that influence the educational and career goals of undergraduate students who are 
interested in advanced graduate studies. Each of the study participants received a small monetary 
compensation for their participation. More specifically, students were given a total of $10 for 
completing 2 out of 3 parts of the survey that was distributed during the summer of 2011. 
Additionally, they were entered into a lottery to win $100. Students that completed each part of 
the survey distributed during spring of 2012 received $5 and were entered into another $100 
lottery. 
Measures 
Figure 2.2 provides some insight about how each of the constructs in this study is 
measured and the relationship between constructs. This illustration compliments the more 
detailed discussion about operational definitions for each of the constructs which follows. 
Furthermore, additional information about the survey questions used to tap each of the constructs 
can be found in Appendix C. Information regarding variable coding is included in Appendix D. 
With the exception of the data concerning non CIC SROP students’ other research experiences 
and the outcome variable, each of the items was measured at Time 1. These other survey items 





Figure 2.2. Measurement Models for Analysis 
Dependent Variable: Advanced STEM Career Plans 
 This study investigates how exemplary pipeline interventions, student role strain and 
multilevel strengths influence advanced STEM career plans. More specifically, at Time 3, 
students were asked the degree of certainty that they would pursue a research career in some 
Science, Technology, Engineering, or Mathematics field. Students’ responses were measured on 
a 5-point Likert-type scale that ranged from “completely certain I will not” to “completely 
certain I will.” On the original measure, a lower score indicated a higher certainty about pursuing 
a STEM research career. Accordingly, the measure was recoded so that higher scores would 
indicate higher levels of certainty. Although this measure is categorical, research suggests that 
Likert-type scales with 5 or more items can be treated as continuous in regression analysis (i.e. 





As previously noted, this study uses data from the CIC SROP to identify students who 
participated in the CIC SROP, OSROP and No SROP. More specifically, CIC SROP students 
were identified using administrative data about program participants at each of the CIC host 
campuses. OSROP students included non CIC SROP participants who indicated some other 
research experience including participation in one of the following: 1) a summer research 
opportunities program other than CIC SROP; 2) a research internship; or 3) research methods 
course(s). Some OSROP students also indicated employment or volunteer work in a research 
related position.  Dichotomous variables for CIC SROP and OSROP were created as measures of 
intervention effects. Students in No SROP formed the comparison group.   
Independent Variables 
This research employs measures from established scales to represent constructs that are 
prevalent in existing literature. When no such standard exists, I developed new measures using 
appropriate psychometric techniques. For example, no standard scales exist for subjective 
financial role strain. Accordingly, a new measure was derived to tap into this construct. 
Additionally, some existing scales were modified for increased conceptual clarity. Information 
about the development of new measures is available in a following section titled “Data Analysis 
Procedures.”  
Role Strain.  
Financial Barriers and Threats. As previously noted, financial role strain is defined as 
the objective and subjective challenges that students encounter due to financial hardships which 




items concerning students’ objective financial barriers and their subjective threats in response to 
objective challenges. The items for objective financial role strain include information regarding: 
(1) receipt of college work study or Pell Grant award, and (2) family’s use of public assistance. 
These measures have been used in other studies to quantify the financial barriers that students 
may experience (e.g. Flanagan & Eccles, 1993; Leventhal, Fauth & Brooks-Gunn, 2005; Maski 
& Wise, 1983; Orfield, 1992). With regard to financial aid, students indicated whether they 
received a Pell Grant, college work study, both or neither when they started college. A 
dichotomous variable was created to indicate student usage of these means-targeted awards. 
Students who received Pell and/or college work study were coded as “1” and those that did not 
receive either award were coded as “0.”  
In terms of public assistance, students indicated whether or not their families used the 
following during unemployment or economic hardship: (1) unemployment benefits, (2) food 
stamps or assistance, (3) rent or housing assistance, or (4) other types of assistance. A 
dichotomous variable was created where students whose families used some form of public 
assistance were assigned a value of “1” and those whose families did not were assigned a value 
of “0”. 
In this analysis, two measures are considered to tap subjective financial role strain. 
Financial discouragement is determined using a single item indicator concerning students’ self-
assessment of how hard they tried to keep money and other problems from hurting their school 
performance. Responses were measured on a 5-point, Likert-type scale from “tried very hard” to 
“did not try at all.” Nearly half of the students indicated that they tried very hard to keep these 




skewed, a dichotomous measure was constructed where students who tried very hard were 
compared to all other students. 
Students were also asked about their perceived level of financial stress. More 
specifically, they indicated the degree to which they were bothered by personal money, financial 
or personal job problems during the previous school year. Responses were provided on a 4-point 
Likert-scale from “hasn’t bothered me at all” to “bothered me a great deal.”  
Academic Barriers and Threats. Similar to financial role strain, academic role strain is 
the objective difficulties that students encounter due to a lack of academic exposure, and 
students’ subjective appraisal of those difficulties. This construct is operationalized using both 
objective and subjective measures. This includes objective measures of prior academic 
preparation such as high school grade point average (GPA) and standardized test score. Each 
respondent indicated their overall high school GPA and the scale on which their GPA was 
calculated. Because high school GPAs were measured using different scales, responses were 
calibrated as necessary to reflect a 4 point scale. Furthermore, students’ high school GPA was 
recoded to better represent strain. To accomplish this, each respondent’s high school GPA was 
multiplied by -1 so that students with high amounts of academic strain (i.e. lower high school 
GPA) would have a greater value on the high school GPA indicator. 
Information regarding students’ test scores was also included to operationalize objective 
academic barriers. Accordingly, students were asked to provide their total SAT and/or ACT 
scores. So that these scores were measured using a similar metric, the SAT/ACT concordance 




school GPA measure, the ACT indicator was recoded (i.e. multiplied by -1) to better represent 
academic strain. 
In addition to objective academic barriers, subjective academic threats are also included 
in this study. Items from the Lefcourt, Von Baeger, Ware and Cox (1979) Multidimensional 
Multi-Attribution Causality Scale (MMCS) are used to operationalize subjective academic role 
strain. More specifically, the analysis uses the MMCS items which represent ability blame—the 
degree to which students perceived that student role difficulties were caused by their own 
personal deficits (Bowman & Sanders, 1998). These MMCS items provide insight about the 
things to which students attribute their academic achievement and challenges. The original scale 
includes two 24-item scales that provide information about student achievement and affiliation. 
Both scales indicate the attributions that students make to (1) ability; (2) effort or motivation; (3) 
situational factors or context; and (4) luck. Twelve of the items in each scale focus on successes 
and the other twelve involve failures (Lefcourt, Von Baeger, Ware & Cox, 1979). Because this 
study focuses on academic role strain—a construct concerning the objective academic barriers 
that students encounter and how those challenges may influence students’ subjective appraisals 
of their abilities— the MMCS items concerning ability attributions and failure are particularly 
germane. This includes students’ responses to the following statements: (1) If I were to receive 
low marks, it would cause me to question my academic ability; (2) If I were to fail a course it 
would probably be because I lacked skill in that area; and (3) If I were to get poor grades I would 
assume that I lacked ability to succeed in those courses. Each response is measured on a 4-point 
scale from “strongly disagree” to “strongly agree.” Responses were reverse coded as necessary 




In addition to the MMCS (Lefcourt, Von Baeger, Ware & Cox, 1979), the Feldman 
(1999) index is used in this study to measure academic discouragement or student role 
discouragement or non-contingent response-outcome expectancy (NCROE). The items in this 
scale are measured on a 4-point Likert scale from “strongly agree” to “strongly disagree” and 
provide insight about the academic barriers that students may encounter, as well as their 
perceptions of those challenges, expectations, and feelings of hopelessness. When appropriate, 
responses were reversed coded so that higher scores indicated higher degrees of strain. The 
following items are considered in this research: (1) Generally, I have found my class work quite 
easy; (2) When my grades have been lower than expected, I have often felt discouraged; (3) I 
have usually been able to improve my lower exam grades; (4) If my grades don't improve, I may 
not pursue advanced graduate/ professional studies and just get a job; (5) I am confident that I 
will graduate from college; (6) Even if I tried, graduating with honors is impossible; (7) With the 
right strategies, I can still achieve most of the academic goals I set for college; and (8) Like 
many students, I will probably never achieve college grades as good as my high school grades.  
Multilevel Strengths. 
Personal Resiliency. As noted previously, personal resiliency is defined at a person’s 
ability to bounce back and thrive in the face of adversity (Bowman, 2013). Most authors have 
operationalized personal resiliency using etic or universal terms with a particular emphasis on a 
general sense of mastery or self-efficacy (Bowman, 2013); however, in this study, I utilize an 
emic or group-specific measure of personal resiliency developed to have particular relevance for 
underrepresented groups. John Henryism is defined as an “individual’s self-perception that he 
can meet the demand of his environment through hard work and determination” (James, Hartnett 




psychology literature. However, John Henryism has particular relevance for underserved groups 
(James, Hartnett & Kalsbeek, 1983). This scale was named after the legendary folklore 
concerning John Henry to illustrate the psychosocial challenges that African Americans in 
particular have to overcome in pursuit of success in different domains. Although this 
operationalization of personal resiliency has often been used to help to explain how active, high-
effort coping can result in negative health outcomes for African Americans, James and 
colleagues (1983, 1984, 1994) acknowledge that the John Henry orientation can promote positive 
outcomes in other domains despite negative health implications. Additionally, the author notes 
that the John Henryism measure appears to be more sensitive to African Americans than Whites 
in terms of explaining how active coping influences different outcomes; however, he also notes 
that the scale is not limited solely to Blacks and can be used with other populations that confront 
similar psychosocial challenges (James, 1983, 1984, 1994). Given that CIC SROP targets 
underrepresented students, this emic representation of personal resiliency is appropriate. 
Accordingly, in this study, I use the John Henryism scale to examine how underrepresented 
students’ perceptions about their abilities to succeed in a given context influences their STEM 
research career plans despite the normative and non-normative psychosocial barriers that these 
students must overcome in STEM fields and higher education.   
As an emic indicator of personal resiliency, the John Henryism scale uses 10 items 
developed by James and colleagues (1983, 1984, 1994). In the scale, students were asked how 
well a series of scenarios describes their behavior when confronted with different challenges. 
These include situations such as “In the past, even when things got really tough, I never lost sight 




items is measured on a 4-point scale from “completely false” to “completely true.” A complete 
list of items for this scale is included in Appendix C. 
 Family Support. While other studies highlight the influence of parental support on 
various college outcomes, this study operationalizes this construct with a measure of extended 
family support. Although Western tradition has normally identified family in terms of married 
heterosexual couples and their children living in the same household, many cultures define 
family in terms of both blood-kin and para-kin relationships (i.e., those who share familial-like 
bonds but may not be biologically related or live in the same household) (Reyes, 2002). This 
broader definition of family is often embraced by students from underrepresented groups and has 
been found to be particularly relevant for African Americans and Latinos (e.g. Billingsley, 1992; 
Reyes, 2002).  Accordingly, this orientation towards family is used in this analysis to examine 
the influence of extended family on advanced STEM career plans. This approach recognizes the 
magnitude of influence that not only parents, but also grandparents, mentors, and significant 
others can have on student success (Cole & Espinoza, 2008; Dennis, Phinney & Chuateco, 2005; 
Sanders, 1998).  
To assess extended family support, this study utilizes items modified from a scale 
originally employed by Reyes (2002). These items provide information about the perceived 
support towards the PhD that students received from nuclear, blood-kin and para-kin 
relationships. More specifically, this scale measured extended family support within three 
subsystems: nuclear family (i.e. parents, stepparents and siblings), intergenerational-kin (i.e. 
grandparents, aunts, uncles, cousins, etc.) and para-kin (i.e. other persons with whom the student 
shares familial-like bonds but no biological relationship). Students were asked how supportive 




extended family support item was measured on a 5-point, Likert-scale including the following 
options: “does not apply,”  “not at all supportive,” “somewhat supportive,” “very supportive,” 
and “extremely supportive.” Additional details regarding the items included for this scale are in 
Appendix C. 
Other Characteristics: Background and Major. Gender is measured using a 
dichotomous variable (1=male, 0=female). Also, measures for students’ race/ethnicity are 
included in this study. In keeping with methods employed recently by the United States Census 
Bureau, students were asked two questions regarding their racial and ethnic heritage. The first 
question was, “Are you of Hispanic, Latino, or Spanish origin?” The second question was, “With 
which racial/ethnic/cultural background do you primarily identify?” The response options 
included: (1) African American, Black, Negro, (2) American Indian or Alaskan Native, (3) Asian 
American, (4) Native Hawaiian/Other Pacific Islander, (5) White, Caucasian, and (6) Other. 
Responses from the first question were used to distinguish students that identified as African 
American/Black/Negro, American Indian/Alaskan Native, Asian American, and Native 
Hawaiian/Other Pacific Islander. Students who identified as “Other” in the question regarding 
racial/ethnic/cultural background and “Hispanic” in the question concerning Hispanic, Latino, or 
Spanish origin were considered Hispanic/Latino in this research
4
. Once each of the 
aforementioned racial/ethnic/cultural groups were identified, a dichotomous variable was created 
to identify underrepresented students of color (0= White and Other; 1= African 
American/Black/Negro, American Indian/ Alaskan Native, Asian American, and Native 
Hawaiian/Other Pacific Islander and Hispanic/Latino).  
                                                          
4
 Although students from various racial/ethnic/cultural backgrounds identified as Hispanic, the 




In addition to gender and race/ethnicity, a measure for students’ college major is also 
included in this study. Students were asked to select the field most related to their major with the 
following options: Biomedical/Behavioral Sciences; Other Basic or Applied Sciences (e.g. 
Physics, Engineering, etc.); Social Sciences/Related Professions (e.g. Sociology, law, etc.); 
Creative Arts/Related Professions (e.g. Theater, Art, Dance, etc.); and I have not yet chosen a 
college major. A dichotomous measure was created to identify STEM majors. Students whose 
majors were related to Biomedical/Behavioral Sciences, and Other Basic or Applied Sciences 
were considered STEM students and coded as “1.” All other majors were considered non STEM 
and coded as “0.” 
Table 3.1 provides information about the study sample with regard to each of the 
measures previously discussed. These descriptive statistics suggest that CIC SROP, OSROP and 
No SROP students indicated STEM research career plans that were significantly different. CIC 
SROP students indicated the highest STEM research career plans, followed by students in other 
SROPs. No SROP students indicated the lowest STEM research career plans.  
Overall, about 40% of students in the study came from families that used some form of 
public assistance during times of economic hardship. Sixty percent of students received some 
form of means driven financial aid, and the average ACT score was almost 26. On most of the 
measures for objective barriers, subjective threats and multilevel strengths, students from CIC 
SROP, OSROP and No SROP were statistically indistinguishable. However, there were a few 
exceptions. For the overall sample, the average high school grade point average was 3.68, with 
modest difference emerging across groups. On average, students from other SROPs had the 





With regard to background characteristics, there were differences in the proportion of 
males in each of the intervention groups. More specifically, the CIC SROP group had the highest 
percentage of males (36%), and No SROP had the lowest percentage of men (20%). The overall 
sample of students was 31% male.  
There were also differences in the percentage of underrepresented students across groups. 
Nearly three-fourths of the students in CIC SROP were minorities, and just under 60% of the 
OSROP and No SROP students were minorities. Overall, underrepresented minorities are highly 
represented amongst the students in the study with about 67% of the sample being comprised of 
these groups. 
 In terms of major choice, 64% of all students in the sample were STEM majors, but 
major choice differed by group. Seventy percent of CIC SROP students were STEM majors. 
Sixty eight percent of OSROP students were STEM majors and under half of No SROP students 






Descriptive Statistics by Intervention Subgroup 
Mean SD Mean SD Mean SD Mean SD p
STEM Research Career Plans 3.02 1.46 3.20 1.44 3.04 1.52 2.57 1.36 **
Financial & Academic Barriers 
Used Public Assistance (dummy coded, 0=no, 1=yes) 0.41 - 0.42 - 0.41 - 0.41 - n.s.
Awarded Pell and/or college work study (dummy coded, 0=no, 1=yes) 0.60 - 0.63 - 0.57 - 0.58 - n.s.
High school GPA 3.68 0.49 3.68 0.47 3.78 0.56 3.59 0.47 ~
ACT score 25.56 5.23 25.15 4.71 26.03 6.00 25.87 5.36 n.s.
Financial & Academic Threats
Financial Discouragement 0.47 - 0.47 - 0.39 - 0.54 - n.s.
Financial Stress 1.99 0.80 2.01 0.81 1.88 0.83 2.05 0.76 n.s.
Ability Blame 2.37 0.63 2.36 0.63 2.35 0.65 2.41 0.61 n.s.
Academic Discouragement 1.62 0.46 1.63 0.43 1.59 0.52 1.63 0.45 n.s.
Multilevel Strengths
Personal Resiliency 3.19 0.37 3.19 0.37 3.21 0.37 3.17 0.37  n.s.
Extended Family Support 2.99 0.85 3.09 0.88 2.86 0.85 2.92 0.77 n.s.
Soci-Demographic Characteristics
Male (dummy coded, 0=female, 1=male) 0.31 - 0.36 - 0.33 - 0.20 - *
Underrepresented Minority (dummy coded, 0=no, 1=yes) 0.67 - 0.74 - 0.58 - 0.59 - **
STEM Major (dummy coded, 0= Non STEM major, 1=STEM major) 0.64 - 0.70 - 0.68 - 0.48 - **











Data Analysis Procedures 
Component 1: Psychometric Analysis of Student Role Strain and Multilevel Strengths 
The first component of this study used psychometric techniques to address research 
questions 1 and 2, and to identify measures which represent student role strain and multilevel 
strengths. In particular, this aspect of the study seeks to identify items which represent objective 
and subjective financial and academic role strain, as well as to determine the appropriate use of 
existing scales to represent extended family support and personal resiliency.  
As shown in Appendix C, various items were used to operationalize student role strain. 
While some of the items considered in this study have not been used as student role strain 
indicators in previous research, others come from existing scales that have been employed to 
create unidimensional measures within the literature (i.e. ability blame and academic 
discouragement).  Accordingly, it was important to determine the appropriate use of these scales 
for this sample. To do so, a Cronbach’s Alpha Coefficient was calculated as a measure of 
reliability. Once the investigation of internal consistency was complete, the measures were 
created by averaging student responses for the scale items. After measures for the existing scales 
were created, a correlation matrix was created to examine the relationships between these 
measures and other items for financial and academic student role strain. This approach was used 
to determine how items and measures for objective barriers and subjective threats in financial 
and academic domains relate to each other.  
In addition to the analysis of student role strain, psychometric techniques were also used 
to create measures for student multilevel strengths. Because these measures have been used 
successfully in other studies (e.g. James, 1994; Reyes, 2002), it was sufficient to calculate 
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Cronbach’s Alpha Coefficients to determine their appropriate use for this sample. The measures 
were created by averaging student responses for the scale items. 
Component 2: Investigating Racial and Gender Differences   
Component 2 of this research addresses research question 3. It investigates whether 
gender and race differences emerge with regard to (1) objective and subjective financial and 
academic role strain and (2) student multilevel strengths—personal resiliency and extended 
family support. Descriptive statistics provided some initial insight about this research 
component. However, appropriate statistical tests were employed to investigate group 
differences. T-tests were used to determine group differences on continuous measures and chi-
square tests were used to examine differences on categorical indicators. 
Component 3: Additive Influences of Exemplary Pipeline Interventions, Role Strain and 
Multilevel Strengths on Advanced STEM Career Plans 
Component 3 addresses research question 4. It examines the how intervention 
participation relates to students’ advanced STEM career plans, and the additive influences of role 
strain, multilevel strengths and other student characteristics on this outcome. This component 
also examines how the relationship between intervention participation and the outcome changes 
when other important factors are also considered.  
Hierarchical regression analysis was used for this component. Successive linear models 
were examined, each including additional predictors and allowing for an in-depth analysis of 
how the relationship between intervention participation and the outcome changes as additional 
important factors are considered. The first model examined the influence of intervention 
participation on STEM research career plans. The second and third models considered the 
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influence of objective and subjective aspects of financial and academic role strain on the 
outcome, respectively. These models illustrate how the influence of the interventions on the 
outcome changes once student role strain is considered, as well as the independent effects of 
objective barriers and subjective threats on STEM research career plans. The fourth model 
included measures for students’ multilevel strengths (personal resiliency and family support). 
The next model included background characteristics. While some other studies include 
background information as controls in the initial step of a hierarchical regression analysis, 
including these characteristics as the final step allowed for a better understanding of how strains 
and strengths related to the outcome both before and after considering background 
characteristics
5
. The final model accounted for students’ major. It indicated the independent 
effects of the intervention, student role strain, and multilevel strengths on STEM research career 
plans while accounting for other important student characteristics.  
Component 4: Moderating and Buffering Effects of Pipeline Interventions and Multilevel 
Strengths  
 Component 4 addresses research questions 5 and 6 and provides a deeper understanding 
about how exemplary interventions can moderate the influence of strains and strengths on 
advanced STEM career plans. Research question 5 examines how pipeline interventions may 
moderate the influence of objective barriers and subjective threats on STEM research career 
                                                          
5
 While other studies have considered background characteristics as an initial step in hierarchical 
regression, this study employed an alternate approach for a theory-driven reason. The focus here 
was primarily on exploring how role strain and multilevel strengths influence intervention 
outcomes beyond the intervention experience itself. After exploring these theory-informed 
relationships, it was also important to account for students’ background characteristics in the 
analyses. Additionally, although this study does not focus on moderating effects, observing how 
the influence of intervention participation, student role strain and multilevel strengths on the 
outcome changes in the final step of the hierarchical regression provided some initial insight 
about possible intervening variables (Barron & Kenny, 1986; Kenny, 2013). Overall, this 
information offers a more nuanced understanding of possible intervention effects. 
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plans. To better understand these relationships for each of the intervention groups, subgroup 
analyses using ordinary least squares regression were conducted to examine how financial and 
academic student role strain relate to the outcome for CIC SROP, OSROP and No SROP 
students. Additionally, moderated regression was used to determine if these relationships differed 
across subgroups with CIC SROP and OSROP participants being compared to No SROP 
students. Moreover, to address research question 6, ordinary least squares regression analyses 
with interaction, product, or moderator terms were used to determine how students’ multilevel 







In the following sections, I discuss the findings for each study component and the related 
research questions. I begin each section with an outline of the component and affiliated research 
questions to remind the reader of the central objective for the subsequent analyses. While the 
primary objective of this theory driven study was not to evaluate summer research interventions, 
a complementary discussion concerning overall intervention effects on STEM research career 
plans is included in Appendix F. 
Component 1: Psychometric Analysis of Student Role Strain and Multilevel Strengths 
Research Question 1: Do financial and academic challenges (objective barriers and 
subjective threats) represent distinct dimensions of student role strain for 
underrepresented students in exemplary pipeline interventions? The underlying objective of 
this aim is to examine the relationship between measures which represent financial and academic 
role strain. To this end, psychometric techniques were employed and bivariate relationships were 
calculated to identify items which represent objective barriers and subjective threats in financial 
and academic domains. The analyses for this research question were conducted in two parts. 
First, because existing scales were used in these analyses (i.e. ability blame and academic 
discouragement), it was necessary to determine their appropriate use for this sample. 
Accordingly, the Cronbach’s Alpha coefficient was calculated to examine the level of internal 
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consistency. Measures for each of the existing scales were created by averaging students’ 
responses across the scale items. 
Once the psychometric analyses of existing scales were completed, it was important to 
determine if the financial and academic role strain items were distinct, and if objective and 
subjective dimensions of role strain emerged within those domains. To do so, relationships 
between each of the items were examined using a correlation matrix. This approach provided 
information about the following: (1) the relationships between items concerning financial and 
academic barriers and threats, and (2) how these items can be used to represent objective and 
subjective role strain within financial and academic domains. The results for these analyses are 
discussed within different subsections. 
Psychometric Analyses of Existing Scales. The constructs concerning students’ 
subjective appraisals of academic strain are from existing scales that have been used successfully 
in other studies (e.g. Abouserie, 1994; Feldman, 1999; Lefcourt, Von Baeyer, Ware and Cox, 
1979, Shiraishi, 2000). With regard to ability blame, this construct has been used in other studies 
to determine the degree to which students attribute their academic challenges to perceived ability 
issues. In the literature, this construct has been measured with varying degrees of internal 
consistency (Cronbach’s Alpha from 0.58 to 0.80.) and test-retest reliability (between .51 and 
.62) (Lefcourt, Von Baeyer, Ware and Cox, 1979).  In this study, ability blame was tapped with a 
fair degree of internal consistency (Cronbach’s Alpha= 0.65).  The measure was created by 
averaging students’ responses across the various items. 
 The academic discouragement measure has also been used successfully in previous 
research with a high degree of reliability (Cronbach’s Alpha= 0.72) (Feldman, 1999). The 
original scale includes 8 items which provide insight about the degree of discouragement that 
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students may feel related to their academic performance. The Cronbach’s Alpha was calculated 
as a measure of internal consistency and the resulting coefficient indicated that the construct had 
greater internal consistency when omitting two of the eight items
6
. The remaining items tapped 
academic discouragement with a fair degree of reliability (Cronbach’s Alpha= 0.66). The 
academic discouragement measure was created by averaging students’ responses across the 
various items. 
Representing Objective and Subjective Role Strain. As previously noted, this research 
component seeks to examine the relationship between financial and academic role strain 
measures. As a part of this process, it is important to determine how these measures correlate. 
Table 4.1 provides a correlation matrix for each of the items related to students’ objective and 
subjective, financial and academic role strain.  
As shown in Table 4.1, many of the items concerning financial challenges were 
significantly correlated with each other. However, some items shared a stronger correlation than 
others. For example, indicators for Pell Grant and/or college work study award, family’s use of 
public assistance, and money or financial problems were all positively correlated at high levels. 
Nonetheless, the Pell/work study and public assistance variables were more strongly correlated 
with each other (r=.296, p<.001) than with the latter indicator. This suggested that these 
measures were more closely related to each other than to the measure for money or financial 
problems. Similarly, the measure for money or financial problems was closely related to the 
indicator for personal job problems (r=.433, p<.001). Because both Pell/work study award and 
public assistance usage pertain to students’ objective financial challenges, the evidence 
supported the use of these measures to represent objective financial role barriers. Furthermore, 
                                                          
6
 Responses to the following two survey items were excluded: Generally, I have found my class 
work quite easy.; When my grades have been lower than expected, I have often felt discouraged. 
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perceived money, financial and job problems pertain to students’ subjective appraisals of 
objective financial barriers. Therefore, students’ responses for these items were averaged to 
create the financial stress index which was used to represent subjective financial threats
7
. The 
financial stress index better represented the subjective financial role strain construct than either 
single item. 
Many of the items concerning academic challenges were also related to each other. 
Specifically, ACT score and high school grade point average (HSGPA) were positively 
correlated (r=.222, p<.01). Because this study focuses on student role strain, students’ high 
school grade point average and ACT scores were recoded to better represent strains in prior 
academic achievement. To accomplish this, each of these measures was multiplied by -1 so that 
students with high amounts of academic strain would have a greater value on the ACT and 
HSGPA indicators. As a result, in this study, having a higher value on the ACT indicator actually 
reflected having a lower ACT score. The same relationship applied for HSGPA. Given how these 
variables were coded, the data in Table 4.2 suggests that students with lower ACT scores also 
had lower HSGPAs. Although these measures were also significantly correlated with other items, 
the correlation matrix suggests that they were most strongly related to each other. Because these 
measures pertain to students’ objective academic challenges, the evidence supported their use to 
represent objective academic barriers. Also, in relation to academic challenges, students with 
higher levels of ability blame were also more academically discouraged (r= .273, p<.001). The 
academic discouragement and ability blame constructs were correlated significantly with other 
                                                          
7
 Although the face validity of the Financial Discouragement measure would suggest that it 
tapped subjective financial role strain, the correlation analysis suggests that it is not strongly 
related to other measures which speak to perceived financial difficulties. However, the other 
measures concerning these perceptions are closely correlated to each other. Collectively, this 
suggests that the Financial Discouragement measure may not adequately tap the construct. 
Accordingly, it was not used as a measure for subjective academic role strain in this study. 
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measures in Table 4.2; however, the constructs were most strongly related to each other. Given 
that these constructs tap into students’ perceptions about academic challenges, the data supported 






Correlations between Financial and Academic Role Strain Items and Measures 
Public Assistance .296 ***
Financial Discouragement -.023 -.026
 Money or Financial Problems .256 *** .218 *** .003
Personal Job Problems .083 .089 -.039 .433 ***
Lower ACT Score (a) .090 .116 ~ .070 .104 .119 ~
Lower High School GPA (a) -.043 .014 .048 .073 .114 ~ .222 **
Ability Blame -.098 ~ .080 -.050 .039 .120 * .062 -.110 ~


















(a) Original variable recoded to represent strain 
~ p<.10; * p<.05; ** p<.01; *** p<.001
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Research Question 2: Do measures of family support and personal resiliency emerge 
as distinct indicators of multilevel strengths for underrepresented students in exemplary 
pipeline interventions? As noted, some of the measures used in this study have also been 
successfully employed in previous research to tap the related constructs. With regard to students’ 
multilevel strengths, the measures for extended family support and personal resiliency come 
from existing scales (e.g. James, Strogatz, Wing & Ramsey, 1987; Reyes, 2002). Although these 
measures have been used successfully in the literature, it was important to ensure that the 
constructs were adequately tapped for the sample in this study. To do so, Cronbach’s Alpha 
Coefficients were calculated. Afterwards, the measures were created by averaging students’ 
responses across each of the items related to the scale. 
In previous research, various dimensions of extended family support have been 
operationalized to indicate the degree to which college students feel supported by their nuclear 
family members, blood-kin and para-kin. These constructs have been measured with a high 
degree of internal consistency across racial/ethnic groups (Cronbach’s Alpha ranging from .68 to 
.81) (Reyes, 2002). In this study, extended family support was considered a unidimensional 
construct in order to represent the support that students receive across their family structure. The 
extended family support measure had a high degree of internal consistency (Cronbach’s 
Alpha=0.87). While the original scale included 15 items, questions concerning support from 
siblings and an adult at the place of worship
8
 were excluded to increase internal consistency
9
. 
                                                          
8
 Responses to the following two survey items were excluded: How supportive would your sister 
be if you decided to pursue a PhD; How supportive would your brother be if you decided to 
pursue a PhD;  
9
 This finding is aligned with previous research which also found that extended family support 




 In this study, John Henryism was used as an emic form of personal resiliency. In other 
research, this measure has also been used with varying degrees of reliability by age and gender 
(Cronbach’s Alpha from .66 to .74) (James, Strogatz, Wing & Ramsey, 1987). For this sample, 
John Henryism was measured with a high degree of internal consistency (Cronbach’s 
Alpha=0.82). Eleven of the original 12 items within the scale were used to create the measure, 
with one item being omitted in order to increase internal consistency
10
.  
Component 2: Investigating Racial and Gender Differences   
Research Question 3: Do race and gender differences exist with regard to student 
role strain and multilevel strengths in exemplary pipeline interventions? Component 2 
examines differences in advanced STEM research career plans, role strain, and strengths by 
race/ethnicity and gender. The results for this component are included in Tables 4.2 and 4.3.  
Racial Differences.  A number of differences emerged between students of color 
compared to their White and Other peers (Table 4.2). Recall that in this study, students of color 
include the following categories: 
 Blacks/African Americans 
 American Indians/Alaskan Natives 
 Asian Americans 
 Native Hawaiians/Pacific Islanders 
 Non White Latinos/Hispanics 
                                                          
10
 Responses to the following survey question were excluded: Sometimes I feel that if anything is 
going to be done right, I have to do it myself. 
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On average, students of color had lower STEM research career plans at Time 3 (M=2.89, 
SD=1.48) than their White peers and those from other racial categories (M=3.17, SD=1.37); 
however, this difference is marginally significant, t(365)=1.71, p=.087. 
A higher percentage of the students of color in the study indicated objective financial and 
academic role barriers. In terms of objective financial barriers, a higher percentage of students of 
color came from families that used public assistance in the past compared to Whites and Others 
(46% vs 34%), X
2
(1, N=281)=3.78, p=.052. Also, a higher percentage of students of color were 
awarded Pell and/or college work study (66% vs 50%), X
2
(1, N=305)=8.03, p=.005. 
Concerning objective academic role barriers, there were no significant differences in 
HSGPA across racial/ethnic categories, t(279)=1.15, p=.252. However, there were differences in 
ACT score. The average ACT score for students of color was almost 3 points lower (M=24.68, 
SD=5.01) than the average score for Whites and Others (M=27.36, SD=5.11), t(220)=3.89, 
p<.001. It is also worth noting that there were no significant differences in subjective role threats 






Differences in Student Role Strain and Multilevel Strengths by Race    
  
Students of Color 
(N= 248) 
Whites and Others 
(N=119)   
  Mean SD Mean SD p 
            
STEM Research Career Plans 2.89 1.48 3.17 1.37 ~ 
        
Objective Fin & Acad Barriers       
Used Public Assistance 0.46 - 0.34 - ~ 
Awarded Pell and/or College Work 
Study 0.66 - 0.50 - ** 
High school GPA  3.67 0.45 3.74 0.53 n.s. 
ACT score  24.68 5.01 27.36 5.11 *** 
        
Subjective Fin & Acad Threats       
Financial Stress  2.04 0.81 1.95 0.80 n.s. 
Ability Blame 2.33 0.62 2.45 0.63 n.s. 
Academic Discouragement  1.60 0.45 1.68 0.44 n.s. 
        
Multilevel Strengths       
Personal Resiliency 3.20 0.37 3.14 0.32 n.s. 
Extended Family Support 2.99 0.89 3.01 0.76 n.s. 
            
~ p<.10; * p<.05; ** p<.01; *** p<.001 
SD presented for continuous variables; not relevant for dummy-coded (categorical) variables  
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Gender Differences. The data suggested gender differences with regard to STEM 
research career plans (Table 4.3). On average, males reported plans to pursue research careers in 
STEM fields (M=3.49, SD=1.38) that were higher than their female counterparts (M=2.74, 
SD=1.44), t(361)=-4.61, p<.001. The males and females in the study reported similar levels of 
perceived strains and strengths. There were no significant differences in objective financial or 
academic role barriers. There were also no differences in subjective role threats with one 
exception. On average, females reported higher levels of perceived financial stress (M=2.06, 
SD=.77) than their male counterparts (M=1.85, SD=.84), t(304)=2.15, p=.033. In terms of 













(N=250)   
  Mean SD Mean SD p 
            
STEM Research Career Plans 3.49 1.38 2.74 1.44 *** 
        
Objective Fin & Acad Barriers       
Used Public Assistance 0.40 - 0.42 - n.s. 
Awarded Pell and/or College Work 
Study 0.55 - 0.63 - n.s. 
High school GPA  3.63 0.47 3.73 0.49 n.s. 
ACT score  25.94 5.47 25.68 5.06 n.s. 
        
Subjective Fin & Acad Threats       
Financial Stress 1.85 0.84 2.06 0.77 * 
Ability Blame 2.30 0.71 2.40 0.59 n.s. 
Academic Discouragement  1.59 0.44 1.64 0.45 n.s. 
        
Multilevel Strengths       
Personal Resiliency  3.23 0.36 3.16 0.36 n.s. 
Extended Family Support  3.06 0.89 2.99 0.83 n.s. 
            
~ p<.10; * p<.05; ** p<.01; *** p<.001 




Component 3: Additive Influences of Exemplary Pipeline Interventions, Role Strain and 
Multilevel Strengths on Advanced STEM Career Plans 
Research Question 4: How do pipeline intervention participation, student role 
strain, and multilevel strengths relate to students’ advanced STEM career plans? Prior to 
conducting a multivariate analysis examining how pipeline intervention participation, role strain 
and multilevel strengths relate to underrepresented students’ advanced STEM career plans, it was 
important to examine the correlations between the variables of interest and the outcome. This 
information is included in Table 4.4. Additional information about the correlations between each 
of these variables is included in Appendix G. 
As shown in Table 4.4, CIC SROP participation was positively correlated with STEM 
research career plans (r=.135, p<.01). OSROP participation was also positively related to the 
outcome, but the correlation was not significant. Additionally, not participating in an 
intervention (No SROP) was negatively correlated with STEM research career plans (r=-.170, 
p<.01). 
In terms of objective financial role barriers, Pell and/or college work study awards were 
negatively related to STEM research career plans (r=-.135, p<.05). Furthermore, on average, 
students with lower ACT scores reported lower STEM research career plans (r=-.118, p<.10). 
With regards to subjective role threats, financial stress was negatively related to STEM research 




Correlations between Intervention Participation, Student Role Strain,  
Multilevel Strengths and STEM Research Career Plans 
Role Strain and Adaptation Variables 
STEM Research 
Career Plans 
Intervention   





Objective Fin & Acad Role Barriers   
Used Public Assistance -0.018  
Awarded Pell and/or College Work Study -0.135 * 
Lower High school GPA (a)  0.024  
Lower ACT score (a) -0.118 ~ 
Subjective Fin & Acad Role Threats   
Financial Stress  -0.126 * 
Ability Blame  0.065  
Academic Discouragement  0.087  
Multilevel Strengths   
Personal Resiliency  0.049  
Extended Family Support  0.019   
~ p<.10; * p<.05; ** p<.01; *** p<.001    
(a) Reverse coded to represent strain   
 
To better understand the additive effects of intervention participation, role strain, and 
multilevel strengths on advanced STEM career plans, it was necessary to examine the 
relationship between each of the role strain and adaptation variables and the outcome within the 
context of a multivariate analysis. Hierarchical regression analysis was used to examine how 
intervention experiences, role strain and multilevel strengths influenced advanced STEM career 
plans overall, and how their influences may have changed as other important measures were 
considered in the analyses. The results are included in Table 4.5, Models 1-6. This section begins 
with an overall discussion about the successive models and how they account for variance in 
students’ STEM research career plans. Afterwards, a more detailed discussion ensues 
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highlighting how each of the indicators for intervention participation, role strain, multilevel 
strengths and background characteristics relate to the STEM research career plans outcome. 
Hierarchical Model Description. Model 1 in the hierarchical regression (Table 4.5) 
includes indicators for intervention participation.  Specifically, there is a measure for CIC SROP 
participation, as well as a measure that represents Non SROP students with other research 
experience (i.e. OSROP). Non SROP students without research experience (i.e. No SROP) are 
the comparison group. Model 1 accounts for about 3% of the variance in STEM research career 
plans, which was statistically significant from zero (p<.05). This suggests that indicators for 
intervention participation help to explain some variance in the outcome. 
Model 2 adds objective financial and academic role barrier indicators to the analysis. In 
terms of financial role strain, this model includes measures for family use of public assistance 
(unemployment benefits, food stamps, housing assistance, etc.), and receipt of need-based 
student aid (i.e. Pell Grants and/or college work study awards).  With regard to academic role 
strain, Model 2 includes information about prior academic achievement—students’ HSGPA and 
ACT scores. Recall that these measures were multiplied by -1 so that students with high amounts 
of academic strain would have greater values on the ACT and HSGPA indicators. As a result, in 
this analysis, having a higher value on the ACT indicator actually reflects having a lower ACT 
score. The same relationship applies for HSGPA. In Model 2, both financial and academic 
objective role barriers, and intervention participation status accounted for about 7% of the 
variance in STEM research career plans. The change in variance (∆R
2
=.04) accounted for from 
Model 1 to Model 2 was marginally significant (p<0.10). This suggests that objective financial 




Model 3 adds subjective financial and academic measures to the analysis. It includes 
financial stress as a measure of subjective financial role threats, as well as ability blame and 
academic discouragement as measures of subjective academic role threats. This model accounts 
for 9% of the variance in the outcome. While the model itself was significantly different from 
zero, the change in R
2
 from Model 2 to Model 3 was non-significant which suggests that, on 
average, subjective elements of financial and academic role strain did not compound the negative 
effects of objective financial and academic strain. 
Model 4 adds measures of students’ multilevel strengths to the analyses. At the individual 
level, this includes a personal resiliency measure. At the community level, this model includes a 
extended family support measure. Model 4 provides insight concerning the relative effects of the 
intervention on STEM research career plans while also considering students’ strains and 
strengths. The model accounts for 10% of the variance in STEM research career plans. The 
change in variance from Model 3 to Model 4 was non-significant. Overall, this suggests that the 
multilevel strength considered in the model did not help to better explain the outcome.  
Models 5 and 6 include variables for students’ background characteristics and major, 
respectively. This includes measures for students’ gender, race/ethnicity and STEM major 
selection
11
. Model 5 accounts for 14% of the variance in students’ STEM research career plans 
and the final model accounts for about 41% of the variance in the outcome. The change in R
2
 
from Model 4 to Model 5 was approximately .04 and significantly different from zero (p<.05). 
                                                          
11
 This study examines how indicators of intervention participation, student role strain, and 
multilevel strengths relate to students’ advanced STEM career plans. Although the focus is not 
causality, it is helpful to note possible endogeneity issues related to STEM major and STEM 
research career plans. The hierarchical nature of the regression analysis in Table 4.5 allows the 
reader to examine the influence of intervention participation, student role strain and multilevel 
strengths on the outcome with and without consideration of STEM major choice. 
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Additionally, the change in R
2




Pipeline Intervention Participation and Advanced STEM Career Plans. The 
information in Table 4.5 highlights the relative effects of pipeline interventions on students’ 
advanced STEM career plans when student financial and academic role strain, multilevel 
strengths and other important background characteristics are considered. In general, the relative 
effects of the interventions on the outcome remained consistent when student role strain and 
multilevel strengths were considered. However, these effects were non-significant after 
accounting for various background characteristics. 
In Models 1-4, participation in CIC SROP had a significant positive influence on STEM 
research career plans. Specifically, Model 1 suggested that CIC SROP participants had plans that 
were 0.44 standard deviations higher than their peers who did not have a summer research 
experience. Once role strain and strengths were accounted for in Models 2-4, the magnitude of 
the relationship increased and remained relatively stable across the subsequent models; however, 
the relationship with CIC SROP and the outcome was no longer significant when background 
characteristics were included in Model 5. This non-significant relationship remained in Model 6. 
Other summer research opportunity program experience also positively influenced 
students’ STEM research career plans, although this relationship was marginal. In Model 1, there 
was no significant relationship between OSROP and the outcome; however, the data suggested a 
non-significant trend in the predicted direction. In Models 2-4, the relationship between OSROP 
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 In addition to the hierarchical analysis outlined, a series of F-tests were conducted on the full 
model to determine if including the block of constructs for Models 1-6 resulted in a significant 
change in R
2
 after account for all other factors. These results suggested that only the background 
measures and major made a significant contribution to the amount of variance explained in the 
outcome after including all constructs and measures in the analyses. 
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participation and the outcome was positive with marginal significance. In Model 2, while CIC 
SROP participants had STEM research career plans that were .48 standard deviations higher than 
their peers without research experience, OSROP students indicated STEM research career plans 
that were about .34 standard deviations higher than the comparison group. The magnitude of the 
relationship between OSROP participation and the outcome remained relatively constant once 
subjective role threats and multilevel strengths were also considered. As with CIC SROP, the 
relationship between OSROP participation and the outcome was non-significant once students’ 
background characteristics were taken into account. This non-significant relationship remained 
in Model 6 when major was also considered. 
Student Role Strain and Advanced STEM Career Plans. The results in Table 4.5 also 
indicated that objective and subjective financial and academic role strain negatively influenced 
STEM research career plans. These relationships manifested even after accounting for summer 
research program participation. However, these relationships changed once other important 
factors were considered. 
In Model 2, a number of the objective financial and academic role strain measures did not 
relate to the outcome at a statistically significant level. However, the results suggested that 
students who received a means driven financial award (i.e. Pell Grant and/or college work study) 
had STEM research career plans that were .28 standard deviations below those of students who 
did not receive these awards (p<.10). Also, with regard to objective academic role strain, a lower 
ACT score was negatively related to the outcome. More specifically, controlling for intervention 
participation and other objective strains, each standard deviation increase in the ACT measure 
was affiliated with a .14 standard deviation decrease in STEM research career plans (p<.10). 
Because ACT is reverse coded, this suggested that as students’ ACT scores decreased, so did 
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their plans for pursuing STEM research careers. The influence of ACT score on the outcome 
remained significant but decreased slightly once subjective financial and academic role strains 
were accounted for in the analyses. However, the influence of ACT score on the outcome 
increased slightly in Model 4 when students’ multilevel strengths were added to the analyses. 
The influence of ACT on the outcome was not significant in Models 5 and 6 which include 
students’ background characteristics and major. 
Model 3 suggested that, after accounting for intervention participation and objective 
financial and academic barriers, students’ subjective threats did not have a significant effect on 
STEM research career plans. However, financial stress and academic discouragement were 
significantly related to the outcome after accounting for students’ multilevel strengths. Model 4 
suggested that, after considering intervention participation, objective barriers and strengths, for 
each standard deviation increase in financial stress, students’ STEM research career plans 
decreased by .12 standard deviations. Also, for each standard deviation increase in academic 
discouragement, on average, students’ STEM research career plans increased by .13 standard 
deviations. None of the student role strain measures were significantly related to the outcome 
after considering students’ background characteristics or major. 
Multilevel Strengths and Advanced STEM Career Plans. As noted, Models 1-4 
indicated that objective role barriers and subjective threats can influence students’ STEM 
research career plans. In addition, the results suggested that multilevel strengths were not 
significantly related to the outcome. More specifically, Model 4 indicated that neither personal 
resiliency nor extended family support had a significant influence on students’ STEM research 
career plans. This non-significant relationship also existed in Models 5 and 6. 
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Background Characteristics, Major and Advanced STEM Career Plans. Models 5 and 
6 provided some insight about how plans to pursue STEM research career differed according to 
students’ background characteristics and major. The results suggested that, after accounting for 
intervention participation, role strain and multilevel strengths, males had higher STEM research 
career plans than females by .40 standard deviations (p<.01).  When students’ major was also 
considered, the relationship between gender and the outcome was reduced. Additionally, all else 
being equal, STEM majors had higher STEM research career plans than non STEM majors by 
1.15 standard deviations (p<.001). However, there was no evidence of differences in this 
outcome between traditionally underrepresented students of color and their White and Other 





Hierarchical Regression Analysis Assessing the Influence of Intervention Participation, Strains and Strengths on Advanced STEM 
Career Plans (a) (n=398) 
Independent Variables
Intervention
CIC-SROP 0.435 * 0.478 ** 0.481 ** 0.484 ** 0.432 0.165
OSROP 0.325 0.342 ~ 0.345 ~ 0.334 ~ 0.278 0.044
Objective Fin & Acad Barriers
Used Public Assistance 0.071 0.077 0.071 0.072 0.072
Awarded Pell and/or college work study -0.280 ~ -0.224 -0.232 -0.198 -0.102
Lower High school GPA (a) (b) 0.066 0.099 0.101 0.078 0.025
Lower ACT score (a) (b) -0.135 ~ -0.123 ~ -0.132 ~ -0.109 -0.029
Subjective Fin & Acad Threats
Financial Stress (a) -0.118 -0.122 ~ -0.101 -0.052
Ability Blame (a) 0.059 0.071 0.074 0.057
Academic Discouragement (a) 0.094 0.130 ~ 0.123 0.021
Multilevel Strengths
Personal Resiliency (John Henryism) (a) 0.119 0.106 0.060
Extended Family Support (a) -0.031 -0.031 -0.032
Background
Male 0.402 ** 0.268 *
Underrepresented Minority -0.139 -0.113
Major
STEM Major 1.153 ***
Constant -0.295 * -0.184 -0.222 -0.211 -0.223 -0.802 ***
R
2
0.031 * 0.069 * 0.092 * 0.103 * 0.140 ** 0.407 ***
Change in R
2
0.038 ~ 0.023 0.011 0.037 * 0.266 ***
~ p<.10; * p<.05; ** p<.01; *** p<.001
(a) Variables are z-scores (M=0; SD=1); (b) Reverse coded to represent strain; Unstandardized coefficients reported
Model 3:


















Component 4: Moderating and Buffering Effects of Pipeline Interventions and Multilevel 
Strengths  
Research Question 5: Do exemplary pipeline interventions moderate the 
relationship between objective and subjective student role strain and students’ advanced 
STEM career plans?  Moderated regression with interaction terms was conducted to investigate 
whether exemplary pipeline interventions moderate the relationship between student role strain 
and advanced STEM career plans. CIC SROP and OSROP participants were compared to No 
SROP students. Because of the limited sample size, moderating relationships were examined 
specifically for financial and academic strains that were shown to be significantly related to the 
outcome in the previous research question. The results of these analyses are included in Table 
4.6
13
. The change in variance in STEM research career plans accounted for from Model 1 to 
Model 2 was not significant. Therefore, the moderated regression results suggested no 
statistically significant differences between the relationships of student role strain and the 
outcome by intervention setting.  
                                                          
13
 As previously noted, this study does not focus on causal relationships. However, it was helpful 
to acknowledge possible endogeneity issues related to STEM major and STEM research career 
plans. A supplemental examination of moderating relationships while excluding the indicator for 
major choice is included in Appendix H. Aligned with the findings in Table 4.6, this 
complementary analysis suggested that intervention participation does not moderate the 
relationship between student role strain and the outcome. However, as with Table 4.6, 
exploratory findings suggested a possible need to further investigate how the relationship 





Hierarchical Regression Analysis Assessing the Moderating Effects of Intervention 
Participation on Advanced STEM Career Plans (a) by Student Role Strain (n=398) 
  Models 
Independent Variables 
Model 1: 




Intervention         
CIC-SROP 0.157   0.592 * 
OSROP 0.048   0.368   
Objective Fin & Acad Role Barriers         
Used Public Assistance 0.078   0.064   
Awarded Pell and/or College Work Study -0.095   0.397   
Low High school GPA (a) (b) 0.024   0.018   
Low ACT score (a) (b) -0.025   -0.012   
Subjective Fin & Acad Role Threats         
Financial Stress (a) -0.048   -0.201   
Ability Blame (a) 0.053   0.063   
Academic Discouragement (a) 0.002   0.113   
Background         
Male 0.275 * 0.282 * 
Underrepresented Minority -0.109   -0.114   
Major     
STEM Major 1.162 *** 1.146 *** 
Interactions         
Pell/WS x CIC SROP     -0.706 * 
ACT x CIC SROP     0.01   
Financial Stress x CIC SROP     0.24   
Academic Discouragement x CIC SROP     -0.182   
Pell/WS x OSROP     -0.552   
ACT x OSROP     -0.077   
Financial Stress x OSROP     0.19   
Academic Discouragement x OSROP     -0.108   
Constant -0.818 *** -1.134 *** 
R
2
 0.404 *** 0.426 *** 
Change in R
2
     0.023   
~ p<.10; * p<.05; ** p<.01; *** p<.001; Unstandardized coefficients reported   
(a) Variables are z-scores (M=0; SD=1)         
(b) Reverse coded to represent strain 
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Although the differences between subgroups did not reach an adequate level of 
significance, a number of complementary analyses were conducted for exploratory purposes. 
While there was no evidence of moderating effects in Table 4.6 as indicated, a significant 
interaction between objective financial student role strain (i.e. Pell and/or college work study) 
and CIC SROP participation emerged. This interaction is graphed in Figure 4.1 to illustrate this 
exploratory relationship. This figure indicates that the negative relationship between objective 
financial role stain and the outcome exists for students that participated in CIC SROP, but the 
opposite relationship emerged for students with no intervention experience. 
 
Figure 4.1. Exploratory Moderating Effect of CIC SROP participation on Objective Financial 
Student Role Strain  
Also with regards to exploratory findings, subgroup analyses were conducted as a step 
towards further understanding emerging patterns in the data and future theory development 
(Bloom & Michalopoulus, 2013). These results provide useful insight about improving outcomes 
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for students who do and do not have intervention experiences. The relationships examined in 
these exploratory analyses should be investigated in future research which uses a larger sample 
and has more statistical power.  
The following subsections discuss outcomes for particular intervention subgroups—CIC 
SROP, OSROP and No SROP.  Each subsection begins with an overall discussion concerning 
how well the models in the hierarchical regression help to explain variance in STEM research 
career plans for students who had particular intervention experiences. Also, each section 
highlights the relationships between measures of interest and the outcome within an intervention 
subgroup. Although there was no evidence that the relationships between financial and academic 
student role strain and advanced STEM career plans for students with and without intervention 
experiences differed, these subgroup analyses provide insight concerning how objective barriers 
and subjective threats influence STEM research career plans for students with similar 
intervention experiences. The results for the subgroup analyses are included in Tables 4.7-4.9
14
. 
Subgroup Analysis of CIC SROP Participants. For CIC SROP participants, the models 
which include objective and subjective student role strain, as well as background characteristics 
(i.e. Models 1-3) did not explain a statistically significant amount of variance in STEM research 
career plans. However, Model 4 which includes objective and subjective financial and academic 
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  In addition to the hierarchical analysis outlined, a series of F-tests were conducted for each of 
the subgroups to determine if the block of constructs within each of the models resulted in a 
significant change in R
2
 after accounting for other factors. These results suggested that only the 
background measures made a significant contribution to the amount of variance explained in the 





strain, background characteristics, and major accounts for 47% of the variance in the outcome 
(p<.001).  
With regards to the influence of financial and academic student role strain on STEM 
research career plans, exploratory evidence suggested that objective financial barriers are 
negatively related to the outcome among CIC SROP participants. However, this relationship was 
not significant after accounting for background characteristics. More specifically, students that 
received Pell and/or college work study awards indicated plans that were about .41 standard 
deviations below their peers who did not receive such awards (p<.10).  This negative relationship 
between Pell and/or college work study and STEM research career plans existed among CIC 
SROP participants even when accounting for subjective role strain indicators (i.e. Table 4.7, 
Model 2).  Furthermore, the magnitude of this relationship remained relatively stable. For CIC 
SROP participants, the relationship between Pell and/or work study award and STEM research 
career was no longer statistically significant after accounting for background characteristics. No 
other objective or subjective role strain coefficients reached an appropriate level of significance 
for this subgroup.   
In terms of background characteristics, Model 3 for the CIC SROP subgroup suggested 
gender differences in STEM research career plans among these students. On average, males had 
STEM research career plans that  were .42 standard deviations higher than females (p<.10). This 
relationship was no longer significant in Model 4 which includes an indicator for STEM major. 
Also in Model 4, students that majored in a STEM field had plans that were higher than their non 
STEM peers. In fact, STEM majors had STEM research career plans that were 1.361 standard 




Subgroup Hierarchical Regression Analysis Assessing the Influence of Strains and Strengths on 
Advanced STEM Career Plans (a)—CIC SROP (n=196)  
Independent Variables
Objective Fin & Acad Role Barriers
Used Public Assistance -0.124 -0.108 -0.132 -0.240
Awarded Pell and/or college work study -0.405 ~ -0.412 ~ -0.371 -0.089
Low High school GPA (a) (b) 0.095 0.128 0.096 0.076
Low ACT score (a) (b) -0.121 -0.139 -0.113 0.037
Subjective Fin & Acad Role Threats
Financial Stress (a) -0.015 0.004 0.049
Ability Blame (a) 0.054 0.077 0.071
Academic Discouragement (a) 0.080 0.083 -0.088
Background
Male 0.416 ~ 0.217
Underrepresented Minority -0.080 -0.102
Major
STEM Major 1.361 ***
Constant 0.467 ** 0.467 ** 0.358 -0.645 **
R
2
0.072 0.083 0.123 0.467 ***
Change in R
2
0.011 0.040 0.344 ***
~ p<.10; * p<.05; ** p<.01; *** p<.001
(a) Variables are z-scores (M=0; SD=1); (b) Reverse coded to represent strain; The outcome variable is also standardized
Unstandardized coefficients reported
Model 1:
Fin & Acad Barriers
Model 2:







Subgroup Analysis of OSROP Participants. As with CIC SROP, objective and 
subjective student role strain did not explain a significant amount of variance in STEM research 
career plans for OSROP participants
15
. However, Model 3 which includes objective and 
subjective financial and academic strain, as well as background characteristics, accounts for 31% 
of the variance in STEM research career plans (p<.05). Among OSROP students, objective 
academic strain was negatively related to STEM research career plans. In general, for each 
standard deviation increase in the ACT measure, students’ plans to pursue a research career in 
STEM decreased by about .30 standard deviations (p<.05). The relationship remained even after 
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 Table 4.8, Model 1 for OSROP participants suggested that objective financial and academic 
barriers help to explain variance in STEM research career plans marginally. However, Model 2 
lost explanatory significance with the addition of subjective threats. Future research should 




accounting for students’ subjective threats and background characteristics. Furthermore, when 
students’ major was also considered, a marginally significant and negative relationship between 
the ACT measure and STEM research career plans remained.  
While objective academic strains remain a barrier for OSROP participants, the 
exploratory findings suggested that objective financial strain may not negatively impact OSROP 
students’ STEM research career plans. More specifically, among OSROP students, students from 
families with limited financial resources had higher plans than those from families with higher 
incomes. As shown in Model 1 of Table 4.8, OSROP students from families that used some form 
of public assistance reported STEM research career plans that were .66 standard deviations 
above students from families without public assistance (p<.05). The magnitude of this 
relationship remained relatively consistent after subjective role threats and select background 
characteristics were considered. Furthermore, after also controlling for major, students’ from 
families that used some form of public assistance had STEM research career plans that were 
about .46 standard deviations higher that their peers whose families had not used public 
assistance (p<.10). 
In terms of the background measures, among OSROP students, males had higher STEM 
research career plans than females. More specifically, on average, males had plans that were .76 
standard deviations higher than females (p<.05).  The influence of gender on the outcome was 
reduced once major was considered, but remained significant. Also, on average, STEM majors 







Subgroup Hierarchical Regression Analysis Assessing the Influence of Strains and Strengths on 
Advanced STEM Career Plans (a)—OSROP (n=92)  
Independent Variables
Objective Fin & Acad Role Barriers
Used Public Assistance 0.659 * 0.650 * 0.653 * 0.460 ~
Awarded Pell and/or college work study -0.139 -0.023 -0.083 0.059
Low High school GPA (a) (b) 0.175 0.203 0.118 -0.051
Low ACT score (a) (b) -0.298 * -0.294 * -0.323 * -0.216 ~
Subjective Fin & Acad Role Threats
Financial Stress (a) -0.124 0.023 0.079
Ability Blame (a) 0.115 0.154 0.149
Academic Discouragement (a) -0.068 -0.040 -0.053
Background
Male 0.756 * 0.610 *
Underrepresented Minority 0.233 0.156
Major
STEM Major 1.216 ***
Constant -0.140 -0.214 -0.561 ~ -1.326 ***
R
2
0.161 ~ 0.194 0.309 * 0.550 ***
Change in R
2
0.033 0.115 * 0.241 ***
~ p<.10; * p<.05; ** p<.01; *** p<.001






Fin & Acad Barriers
Model 2:




Subgroup Analysis of No SROP Students. For No SROP students, the models which 
include objective and subjective student role strain, as well as background characteristics (i.e. 
Models 1-3) did not explain a significant amount of variance in STEM research career plans. 
However, Model 4 which includes objective and subjective financial and academic strain, 
background characteristics, and major accounts for 31% of the variance in the outcome (p<.10). 
 Exploratory findings suggested that no coefficients for objective student role strain 
reached an appropriate level of significance.  In terms of subjective academic threats, for each 
standard deviation increase in academic discouragement, students’ STEM research career plans 
increased by .27 standard deviations. This relationship remained consistent once select 
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background characteristics were considered, but it was non-significant after accounting for 
major.  
 There were no gender or racial/ethnic differences in the outcome among No SROP 
students. However, there was a difference with respect to major. On average, among No SROP 
students, STEM majors indicated STEM research career plans that were .77 standard deviations 
higher than non STEM majors (p<.01). 
Table 4.9 
Subgroup Hierarchical Regression Analysis Assessing the Influence of Strains and Strengths on 
Advanced STEM Career Plans (a)—No SROP (n=88)  
Independent Variables
Objective Fin & Acad Role Barriers
Used Public Assistance -0.219 -0.149 -0.078 0.077
Awarded Pell and/or college work study 0.132 0.246 0.227 0.159
Low High school GPA (a) (b) 0.016 -0.002 -0.026 -0.012
Low ACT score (a) (b) -0.138 -0.051 0.044 0.069
Subjective Fin & Acad Role Threats
Financial Stress (a) -0.206 -0.183 -0.133
Ability Blame (a) 0.054 0.013 -0.060
Academic Discouragement (a) 0.273 ~ 0.258 ~ 0.158
Background
Male -0.005 0.081
Underrepresented Minority -0.413 -0.300
Major
STEM Major 0.770 **
Constant -0.287 -0.374 -0.134 -0.605 ~
R
2
0.024 0.142 0.176 0.313 ~
Change in R
2
0.118 0.035 0.137 **
~ p<.10; * p<.05; ** p<.01; *** p<.001





Fin & Acad Barriers
Model 2:





Research Question 6: Is the relationship between student role strain and advanced 
STEM career plans buffered by multilevel strengths? This research question examines how 
students’ cultural strengths may buffer the negative relationship between role strain and students’ 
advanced STEM career plans. Because of sample size limitations, buffering  was not considered 
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for each of the role strain and multilevel strengths indicators. Instead, particular attention was 
given to the indicators that were statistically significant in the analyses of the overall sample 
(Table 4.5). The results for these analyses are included in Tables 4.10
16
.  Complementary 
exploratory subgroup analyses of buffering effects are included in Appendix J. 
The change in variance in STEM research career plans accounted for from Model 1 to 
Model 2 was not significant. Therefore, the moderated regression results suggested no 
statistically significant differences between the relationships of student role strain and the 
outcome by multilevel strengths. Although there was no evidence of buffering effects, the 
information in Table 4.10 suggests that the buffering effects of personal resiliency may be worth 
exploring further in the future. The exploratory findings suggest that the negative relationship 
between objective academic strain (e.g. Low ACT score) and STEM research career plans 
emerges only for those with lower levels of personal resiliency. For students with higher levels 
of personal resiliency, higher academic barriers are related to higher STEM research career 
plans. While these findings are exploratory, they suggest that resilience helps to buffer the 
negative influence of academic student role strain. These relationships should be explored further 
in future research and are illustrated in Figure 4.2. 
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 A supplemental examination of buffering relationships which excluded the indicator for major 
choice is included in Appendix I. Similar to the findings in Table 4.10, this complementary 
analysis suggested that students’ strengths do not buffer the influence of student role strain on 
the outcome. However, unlike the findings in Table 4.10, no exploratory evidence of buffering 





Hierarchical Regression Analysis Assessing Whether Multilevel Strengths Buffer the 





Objective Fin & Acad Role Strain
Used Public Assistance 0.072 0.067
Awarded Pell and/or college work study -0.102 -0.102
High school GPA (a) (b) 0.025 0.017
ACT score (a) (b) -0.029 -0.011
Subjective Fin & Acad Role Strain
Financial Stress (a) -0.052 -0.063
Ability Blame (a) 0.057 0.052
Academic Discouragement (a) 0.021 -0.009
Multilevel Strengths
Personal Resiliency (John Henryism) (a) 0.060 -0.034
Extended Family Support (a) -0.032 -0.047
Background
Male 0.268 * 0.252 ~
Underrepresented Minority -0.113 -0.111
Major
STEM Major 1.153 *** 1.172 ***
Key Interactions
Personal Resiliency x Pell/WS 0.143
Personal Resiliency x ACT 0.130 *
Personal Resiliency x Financial Stress -0.033
Personal Resiliency x Acad. Discouragment 0.006
Extended Family Support x Pell/WS 0.023
Extended Family Support x ACT 0.070
Extended Family Support x Financial Stress -0.003
Extended Family Support x Acad. Discouragement 0.013
Constant -0.802 *** -0.830 ***
R
2




~ p<.10; * p<.05; ** p<.01; *** p<.001
(a) Variables are z-scores (M=0; SD=1); 




Student Role Strain, 








Figure 4.2. Exploratory Buffering Effect of Personal Resiliency on Objective Academic Student 













This theory-driven dissertation study makes unique contributions to the higher education 
pipeline intervention literature by further clarifying social psychological mechanisms through 
which financial and academic barriers impede successful STEM outcomes among 
underrepresented students within intervention settings.  In general, guided by role strain and 
adaptation theory, this study found: (1) that financial and academic challenges (objective barriers 
and subjective threats) represent distinct dimensions of student role strain; (2) that intervention 
participation, financial/academic student role strain and cultural strengths combine to better 
explain successful STEM outcomes than intervention participation alone; and (3) both 
similarities and differences on major research variables by gender and racial/ethnic group status.  
This study employed a range of multivariate statistical approaches to investigate role strain and 
adaptation mechanisms through which exemplary summer research interventions can influence 
students’ advanced STEM career plans.  
This theory-driven study differs from traditional program evaluation research in that its 
primary objective is to better understand social psychological factors that can impede or enhance 
intervention participants’ benefits, as opposed to a summative evaluation of overall intervention 
effects. With randomized experimental designs as the “gold standard,” outcome evaluation 
studies examine the overall effects of an intervention, and ask, “Does it work?” (Cook & 
Campbell, 1979; Hoyle, Harris & Judd, 2002; Shadish, Cook & Campbell, 2002).   More theory-
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driven studies employ a range of different methods to better explain underlying mechanisms and 
ask, “How and why does it work?” (e.g. Donaldson, 2007; Mark, Donaldson & Campbell, 2011; 
Mark & Henry, 2004; Shadish, Cook & Leviton, 1991).  Such a theory-driven approach provides 
a deeper understanding of how student role strain and adaptation mechanisms can influence 
intervention efficacy beyond the overall intervention effect. Furthermore, this more nuanced 
understanding of intervention outcomes has become a focal, policy-relevant issue for a number 
of national organizations including the National Institutes of Health, National Science 
Foundation and the American Association for the Advancement of Science. 
As an initial step, this research first sought to conceptualize the strains with which many 
underrepresented students are confronted. In this study, underrepresented students are broadly 
defined as those who are from lower-income backgrounds and/or minority ethnic/racial groups. 
Accordingly, this study examined strains that are generally relevant for these students. Student 
financial role strain was important to acknowledge because many lower-income students have to 
overcome financial challenges in their pursuit of higher education (e.g. St. John, Fisher, Williams 
& Daun-Barnett, 2008; St. John, Musoba & Simmons, 2003; St. John, Musoba, Simmons & 
Chung, 2002; St. John, Musoba, Simmons, Chung, Schmit & Peng, 2004). Furthermore, 
academic student role strain was also important to note given that lower-income and minority 
students often encounter academic preparation barriers in K-12 which also impact their outcomes 
in higher education (e.g. National Research Council, 2011). 
While many studies focus on the objective financial and academic barriers that students 
face, this research sought to better conceptualize student role strain in these dimensions by 
noting both the objective strains that students must overcome, as well as their subjective 
appraisals or responses to objective barriers. 
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In addition to student role strain, this study also acknowledges how students’ strengths 
influence intervention outcomes. This research employed emic measures to conceptualize the 
multilevel strengths that students from underrepresented groups can draw from when faced with 
adversity. At the personal level, this included students’ resiliency or ability to bounce back or 
thrive in the face of adversity (Bowman, 2013). This construct was operationalized using the 
John Henryism measure which was specifically developed to have particular relevance for 
underrepresented groups (James, Hartnett & Kalsbeek, 1983). From a community perspective, 
the role of family support was examined with an emphasis on support from various members in 
the family unit (i.e. nuclear family, blood kin and parakin). This construction of family is often 
embraced by students from underrepresented groups (e.g. Billingsley, 1992; Reyes, 2002).  
After conceptualizing student role stain and multilevel strengths, racial and gender 
differences in these constructs were examined to provide insight about group differences. Next, 
this research examined the relative influence of intervention participation, student role strain and 
multilevel strengths on students’ advanced STEM career plans. This aspect of the study sought to 
better understand how financial and academic student role strain and multilevel strengths 
influence intervention outcomes beyond the intervention experience.  
 This research also explored how (1) intervention experiences moderated the influence of 
strains on advanced STEM career plans, and (2) students’ strengths buffered the influence of 
strains on the outcome. While there was no evidence of moderating effects, the experiences of 
students within particular intervention subgroups were also examined. From an exploratory 
perspective, the subgroup analyses provided useful information concerning how objective 
barriers, subjective threats and strengths relate to advanced STEM career plans for students who 
shared common intervention experiences. This information is important in order to begin to 
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understand outcomes for students with varying experiences and to develop approaches for 
improving outcomes for students within these particular groups. In terms of buffering effects, 
there was no definitive evidence that students’ strengths helped to buffer strain. However, 
exploratory findings regarding these relationships were discussed. 
               Based upon these findings, the following sections outline various implications from this 
study. This section begins with a discussion of the practical significance of the findings. 
Afterwards, the conceptual implications are discussed and an emerging conceptual framework 
for understanding intervention efficacy for underrepresented students is outlined.  Finally, the 
study limitations and areas for future research are also examined. 
Practical Significance 
Understanding Intervention Outcomes.  
Intervention Participation and Advanced STEM Career Plans. This research seeks to 
better understand the mechanisms by which exemplary pipeline interventions can promote 
advanced STEM career plans for students from underrepresented groups. The findings from 
these analyses suggest that summer research intervention participation can influence students’ 
STEM research career plans, but the relationship may be largely driven by students’ major 
choice and gender. The hierarchical regression analysis which used the overall sample (i.e. Table 
4.5) suggested that both CIC SROP and OSROP participation were related to an increase in 
students’ advanced STEM career plans. However, the influence of OSROPs on the outcome did 
not reach that of CIC SROP. One conceivable explanation for this disparity could be the degree 
of variation in program offerings and underlying objectives across these other interventions. 
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Unlike CIC SROP, the other research opportunity programs did not necessarily share a common 
objective, set of expectations and programmatic features.  
As shown within these analyses, the positive relationship between CIC SROP or OSROP 
intervention participation and students’ advanced STEM career plans was no longer significant 
once students’ gender was considered. Also, accounting for students’ major increases 
substantially the percentage of variance explained in the outcome. Given that there was a greater 
percentage of STEM majors and men within the intervention groups compared to the No SROP 
subgroup, perhaps the intervention participant selection process helps to explain the STEM-
related outcome. Nonetheless, this finding underscores the need for interventions that: (1) focus 
on developing students’ interest in the sciences at earlier points within their academic careers, 
and (2) targeting women, specifically. 
Collegiate research interventions have expanded tremendously since the Boyer 
Commission Report (1998, 2002) which recommended that research become an integral part of 
undergraduate student training. This development inadvertently ended a longstanding debate 
about the dichotomy between teaching and research within the academy, and positioned research 
as a teaching tool (Bauer & Bennett, 2003). In addition to the summer research opportunity 
programs examined in this study, there has also been a proliferation in programs designed to 
involve students in research during the academic year. Many of these programs offer participants 
academic credit which further underscores the current integration of research into the 
undergraduate curriculum. Although other research suggests that these programs can promote 
positive outcomes (e.g. Bauer & Bennett, 2003; Hunter, Laursen & Seymour, 2006; Lopatto, 
2004, 2007; Maton, Domingo, Stolle-McAllister, Zimmerman & Hrabowski, 2009; Pender, 
Marcotte, Domingo & Maton, 2010; Yauch , 2007), this study highlights the need for earlier 
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interventions. Some studies suggests that many students who plan to pursue STEM careers 
develop these ambitions during their pre-college experiences (e.g. Hunter, Laursen & Seymour, 
2006; Russell, Hancock & McCullough, 2007). Furthermore, other literature notes that the 
trajectory towards STEM majors and careers starts with the preparation that students receive 
before college (e.g. Crisp, Nora & Taggart, 2009; National Research Council, 2011). Because of 
this, a number of STEM programs have been developed to expose high school students to STEM 
research and to encourage them to pursue careers in these fields (e.g. Zhe, Doverspike, Zhao, 
Lam & Menzemer, 2010). This research supports the further development of these types of 
programs in order to encourage students to pursue STEM majors. 
In addition to insights regarding major choice, this study also highlights the gender 
disparities in STEM that are often discussed in the literature (Blickenstaff, 2005; Brainard & 
Carlin, 1998; Cole & Espinoza, 2008; Hill, Corbett & St. Rose, 2010). According to these 
findings, gender issues in STEM on a broader level also have an effect on intervention outcomes.  
As noted, even after accounting for intervention participation and major, men had plans to pursue 
STEM research careers that were higher than their female colleagues. This suggests that gender 
bias in the STEM pipeline remains an issue despite efforts to provide students with the academic 
and other supports offered by summer research opportunity programs. Hence, the larger issues 
regarding gender in STEM fields have an influence on intervention outcomes over and beyond 
the actual intervention experiences. Additional study implications regarding gender are discussed 
in more detail in a following section. Overall, these findings suggest a need to address gender-
related issues in interventions in order to improve advanced STEM career-related outcomes for 
women from underrepresented groups. Coupled with the findings concerning the need for earlier 
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interventions, perhaps pre-college STEM interventions which specifically target girls and young 
women would help to diminish these gender disparities in STEM research career plans. 
Moderated Relationships and Intervention Outcomes by Intervention Group. Recall 
that the moderated regression analyses indicated that intervention participation did not moderate 
the influence of financial and academic student role strain on students’ advanced STEM career 
plans. Therefore, there is no evidence that these strains relate to students’ outcome differently 
based on their intervention experiences. While the analysis of moderating relationships 
underscored this point, it is important to note that this study was conducted using a limited 
sample. Exploratory findings suggested that there may be differences in how objective financial 
student role strain relates to advanced STEM career plans by intervention participation (CIC 
SROP vs. No SROP) worthy of future investigation with a larger sample. Also, the subgroup 
analyses provided exploratory evidence about the relationships between strain and advanced 
STEM career plans for students with particular intervention experiences. These analyses provide 
some initial insights about how to promote better outcomes within each intervention subgroup. 
Future analyses should employ hierarchical linear modeling to investigate within group and 
between group effects as it relates to the influence of financial and academic student role strain 
on advanced STEM career plans. The following subsections provide a summative overview of 
the exploratory insights offered by these subgroup analyses. 
CIC SROP Intervention Outcomes. The CIC SROP provides a number of supports to its 
participants including educational enrichment activities, exposure to research, formal and 
informal networking opportunities, and a stipend. Despite these resources, initial insights suggest 
that objective financial challenges may remain an issue for many program participants. The 
exploratory analysis of moderating effects (Figure 4.1) suggested that the negative relationship 
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between objective financial strain (i.e. Pell and/or college work study) and advanced STEM 
career plans existed among CIC SROP participants, but not among student with no intervention 
experience. It is unclear why these relationships would differ for CIC SROP and No SROP 
students. Because CIC SROP is based at a number of top-ranked research institutions that have 




The subgroup analysis provided further support that objective financial role strain was 
negatively related to advanced STEM career plans for CIC SROP students. Within CIC SROP, 
students with limited financial resources (i.e. Pell and/or college work study recipients) reported 
STEM research career plans that were lower than their peers who were more financially 
resourced. Furthermore, these differences were not simply a function of students’ subjective 
appraisals of the objective financial barriers. However, the negative relationship between 
objective financial student role strain and advanced STEM career plans was no longer significant 
after accounting for background characteristics. Amongst the background characteristics, gender 
was significantly related to students’ advanced STEM career plans. This indicator was no longer 
significant after accounting for students’ major.  
Supplemental correlation analyses indicated no significant relationship between the 
objective financial strain measure (i.e. Pell and/or college work study) and any of the student 
background indicators. However, both the strain measure and the gender variable were related to 
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 The CIC institutions are largely comprised of the Big 10 institutions, as well as the University 
of Chicago and Northwestern University. During the 2012-2013 academic year, the average 
undergraduate tuition at a Big 10 institution was approximately $12,000 for in-state residents and 
$28,000 for non-resident students for the academic year. The average graduate tuition was about 
$13,000 for in-state residents and $27,000 for non-residents (Purdue University Office of Budget 





. It follows that there may be some confounding relationships between these 
measures and the outcome worth exploring in future research regarding outcomes for CIC SROP 
participants. In keeping with the Barron and Kenny (1986) mediation test, STEM major may 
mediate the influence of gender on advanced STEM career plans. Correlation analyses indicated 
that there was generally a negative relationship between Pell and/or college work study Award 
and STEM major among CIC SROP participants. This suggests that, within this intervention 
group, lower-income students’ reduced STEM research career plans may be related to challenges 
regarding their representation among STEM majors. A number of studies note that the academic 
exposure that students receive in K-12 is critical for preparing them to pursue STEM fields in 
college (e.g. Crisp, Nora & Taggart, 2009; National Research Council, 2011). Additionally, 
research underscores that many lower-income students are often concentrated in schools that are 
under-resourced (Lee & Burkham, 2002; Museus, Palmer, Davis & Maramba, 2011). 
Accordingly, the challenges that many lower-income students face with gaining access to proper 
academic resources can have a detrimental impact on their trajectory into STEM majors and 
STEM research careers. This highlights the need to address these early preparation issues among 
lower-income populations in order to promote better outcomes for these students in CIC SROP. 
Additionally, lower-income students in CIC SROP may not pursue STEM majors 
because of financial reasons. Perhaps these students have financial responsibilities such as work 
obligations which make it difficult to balance the demands of a STEM major while meeting their 
other fiscal obligations. Accordingly, it is important to investigate how financial need may limit 
students’ major choice selection process. Also, because STEM degrees can take longer to 
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 While the measure for objective financial role strain (i.e. Pell/work study) was not correlated 
with gender for CIC SROP students, objective financial strain and gender were correlated with 





complete than other fields, perhaps lower-income students pursue other fields because of 
increased pressures to enter the labor market as quickly as possible. While the benefits to higher 
education cannot be reduced to economic returns (Hout, 2012), these exploratory findings may 
suggests a need to provide lower-income students in CIC SROP with additional financial support 
and useful information about how STEM degrees can contribute to their economic stability in the 
future. 
OSROP Intervention Outcomes. Exploratory subgroup analyses suggest that OSROP 
participation may reduce or buffer the possible negative relationship between objective financial 
barriers and advanced STEM career plans. Within these other programs, many students with 
higher financial strain (i.e. those from families that received public assistance) indicated STEM 
research career plans that were above those of students who had greater financial resources, even 
after accounting for subjective strains, key background characteristics, and major. This suggests 
that perhaps OSROPs have successfully encouraged students to pursue STEM research careers 
despite economic challenges. Perhaps these programs offer financial support to students or they 
are closely aligned with broader university recruitment efforts that offer funding for graduate 
work. Further investigation would be needed to fully understand the relationship between 
objective financial strain and advanced STEM career plans for OSROPs students. This 
information could help to inform the future development of OSROPs and similar programs 
which seek to facilitate better outcomes for lower income students. 
While initial insight suggested that OSROPs may help to reduce the negative relationship 
between financial barriers and advanced STEM research career plans, it appears that challenges 
facilitating successful outcomes for students with limited prior academic exposure and 
preparation remain. Among OSROP participants, on average, students with lower academic 
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achievement in high school (i.e. ACT score) indicated lower plans to pursue STEM research 
careers. This suggests that prior academic barriers can have lasting effects on career plans in 
STEM. There are a number of possible explanations for this difference in outcome. First, given 
the relationship between research careers and graduate study, perhaps students with prior 
academic barriers are more discouraged about their ability to successfully pursue graduate work. 
It would follow that these students may also be less likely to plan to pursue STEM research 
careers that require graduate training. It is also possible that these students have reduced efficacy 
beliefs with regard to their ability to meet the demands of a research career because of the 
academic challenges that they have experienced in the past. To address these issues, it is 
important to connect students’ research experiences to broader academic training that would be 
beneficial beyond the summer opportunity and prepare students for graduate study, specifically. 
Broader policy initiatives have promoted the use of research to supplement and enhance 
undergraduate training (Boyer Commission, 1998, 2002; Katkin, 2003). Program administrators 
should consider offering services to bolster students’ academic preparation and successful 
navigation into and through graduate school. Among other things, this can include: (1) GRE 
preparation courses; (2) tutorial services; (3) study groups; and (4) peer academic mentoring 
programs. Administrators may also consider strategies for increasing students’ efficacy beliefs 
with regards to their research ability. 
No SROP Intervention Outcomes. The exploratory findings for No SROP students 
suggest that objective financial and academic student role strain were not related to advanced 
STEM career plans for these students. Also, background characteristics were not related to the 
outcome in this subgroup. However, among No SROP students, subjective academic role strain 
(i.e. academic discouragement) was positively related to STEM research career plans before 
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controlling for students’ major. This relationship was no longer significant after major was 
included in the analyses. Accordingly, preliminary findings suggest that students’ major 
influenced the relationship between subjective strain and the outcome. In keeping with the 
Barron and Kenny (1986) mediation test, this suggests a possible intervening relationship. An 
examination of the correlation between academic discouragement and major suggests that STEM 
majors were generally more discouraged academically. The nature of the relationship merits 
further investigation. Given the challenges with pursuing a STEM field, perhaps majoring in 
STEM resulted in increased student discouragement. An alternate explanation for this finding 
relates to possible measurement issues. It is possible that the relationship between academic 
discouragement and STEM major manifested because the measure employed did not tap the 
construct adequately
19
. Future research should seek to better understand the academic 
discouragement measure used in these analyses, and how it relates to STEM major and STEM 
research career plans for students without intervention support.  
The Role of Multilevel Strengths. The findings from the hierarchical regression analysis 
which included all intervention groups (Table 4.5) suggest that the student strengths considered 
in this study are not related to their STEM research career plans. Recall that neither the measure 
for personal resiliency nor extended family support was significantly related to the outcome. 
However, it is worth noting that adding those measures to the overall analyses helped to 
illuminate relationships that appeared to be suppressed when these measures were excluded. 
Specifically, after students’ multilevel strengths were included in the analyses, some of the 
relationships between subjective threats and the outcome that were non-significant in previous 
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 Recall that the internal consistency for the academic discouragement measure suggested that 
the construct was tapped with a fair degree of reliability. Further psychometric analyses of the 
construct should be considered in future research. 
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models became significant (Table 4.5, Model 4). This highlights that recognizing students’ 
strengths provides a better understanding of how their strains can relate to outcomes. Moreover, 
it suggests that the influence of those strains on outcomes cannot be fully explicated without also 
acknowledging the role of strengths at the personal and community level. Adding the multilevel 
strength measures to the model did not result in a significant change in the amount of variance 
explained in advanced STEM career plans. Therefore, these findings are not definitive. However, 
they do highlight research areas worth further investigation.  
The buffering effects analysis provides additional insights concerning the relationship 
between personal strengths and advanced STEM career plans. Recall that the moderating 
regression analysis did not provide evidence that strengths buffered strains. Because the 
interaction model in Table 4.9 did not result in a significant change in the amount of outcome 
variance explained, it is generally not appropriate to interpret individual interaction terms that are 
significant (Jaccard & Turrisi, 2003). However, because this study has a limited sample size, it 
would be very difficult to find significant moderating effects. It is possible a similar analysis 
with a larger sample would illuminate different effects and this should be explored further in 
future research. Given these limitations, the significant interaction terms that emerged with this 
small sample may highlight relationships worthy of additional research. 
The exploratory findings indicate that personal resiliency may buffer the negative 
relationship between objective academic student role strain and the outcome. The negative 
relationship between objective academic student role strain and advanced STEM career plans 
manifested only for students with low personal resiliency (Figure 4.2). This evidence suggests 
that personal strengths may serve as a protective factor and reduce the negative influence of 
objective academic student role strain for students from underrepresented groups. Overall, the 
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findings concerning multilevel strengths suggest that accounting for these characteristics may 
provide useful insights about how objective strain influences advanced STEM career plans. 
Theoretical and Conceptual Implications 
Guided by role strain and adaptation theory, this study helps to better clarify the objective 
role barriers, related subjective appraisals of those barriers, and cultural strengths that 
underrepresented students bring to intervention settings (Bowman, 2006; 2011; 2013).  In 
addition to information about the social psychological mechanisms by which interventions 
operate, the results from this study also provided useful conceptual insight about students’ 
objective barriers and subjective threats within financial and academic domains. Furthermore, 
this study also provided insight about students’ multilevel cultural strengths – extended family 
support and personal resiliency. Although the relative effects of the measures for objective and 
subjective role strain and multilevel strengths were often non-significant in these analyses after 
accounting for other important factors (i.e. background characteristics and major), the conceptual 
insights gained about these constructs merit attention. Consistent with the basic role strain and 
adaptation model, the emerging patterns in this study suggest that students’ strains and strengths 
may operate as pivotal mediators of the relationship between background factors and long-term 
STEM research career plans (e.g. Bowman, 2011; 2013).   Related theoretical and conceptual 
issues are discussed in more detail in this section. 
Understanding Objective Barrier and Subjective Threats in Policy Research. While 
Pell and college work study awards were designed and implemented to expand college 
opportunities for students from lower-income families, it is important to remember that these 
awards are means-driven. This distinction is obvious, but critical because it requires us to 
acknowledge the general financial strain that students who are eligible for these awards must 
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overcome. In that way, although these types of awards can expand college opportunities 
(Dynarski, 2003; Dynarski & Scott-Clayton, 2013; St. John, 2004), eligibility for such awards 
indicates a broader economic challenge at the family level. This interpretation is supported by 
these analyses in that Pell and/or college work study awards were highly related to the family’s 
use of public assistance during periods of economic hardship. Eligibility for these types of 
awards indicates that students have encountered some form of objective financial role strain that 
should generally be acknowledged in intervention settings.  
Although interventions and policies can be implemented to help alleviate the financial 
issues that students experience while in college, it is important to understand that these policies 
and initiatives cannot fully dissolve the strain that manifests when students come from 
economically challenged families. Eliminating this strain would require an approach that seeks to 
improve structural and systematic barriers to economic advancement within the family unit—an 
approach beyond the scope of most universities to date. While higher education institutions have 
not considered such all-encompassing methods for addressing financial challenges, there have 
been emerging efforts within the United States and globally to improve student outcomes in a 
holistic manner which also addresses family and broader community challenges. 
With regard to academic challenges, a number of studies examine how high school grade 
point average and ACT/SAT score relate to college outcomes (e.g., Adelman, 1999, 2006; 
DeBerard, Spielmans & Julka, 2004; DesJardins, McCall, Ahlburg, & Moye, 2002; DesJardins & 
Lindsay, 2008; Hearn, 1988; Horn & Kojaku, 2001; Horn & Nunez, 2000; Rose & Betts, 2001; 
St. John, 1991), and there is evidence of a positive relationship between these factors and college 
success. However, existing literature has not examined these factors within a student role strain 
framework. Accordingly, the emphasis in the literature has not been on how increases in 
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academic strain correspond to decreases in college success. The reverse coding for ACT score 
and high school grade point average employed in these analyses allowed these imbedded 
relationships to be discussed more directly. Also, the correlation analysis suggests that these 
items may represent an underlying latent construct (i.e. objective academic role strain), although 
they have traditionally been treated as individual achievement measures. 
In addition to examining objective financial and academic strains conceptually, this study 
also suggests that both objective barriers and subjective threats are important to consider with 
regard to students’ career plans in STEM areas. Most policy research has focused primarily on 
the relationship between objective strains and college success. The literature indicates clearly 
that the objective financial and academic strains that students experience in college can have a 
detrimental impact on their success (e.g., Adelman, 1999, 2006; Braunstein, McGrath & 
Pescatrice, 1999; Horn & Kojaku, 2001; Millet, 2003; Paulsen & St. John, 2002; Perna, 2000; St. 
John, Paulsen & Starkey, 1996). This study investigated the influence that these objective 
challenges can have on college outcomes, but it also acknowledged students’ cognitive responses 
to objective barriers. Recall that both objective and subjective role strain emerged as independent 
latent constructs within the analyses. Accordingly, these results suggest that students’ cognitive 
appraisal of objective barriers are distinct from the actual objective barriers. While objective 
barriers are important factors to consider in policy research, it is also important to note that 
individuals can respond to those barriers in ways that promote adaptive or risky behavior. These 
subjective responses are distinct from the objective barriers themselves. This research used the 
Bowman Role Strain and Adaptation Framework to emphasize these distinctions. As shown in 
the various analyses presented, both objective barriers and subjective threats were related to the 
112 
 
outcome. Therefore, the evidence supported the existence of objective student role barriers, as 
well as related subjective student role threats.  
Multilevel Strengths and the Use of Culturally Relevant Measures. As previously 
noted, these analyses illustrate that it is important to consider the strains and strengths that 
underrepresented students bring to an intervention in order to fully understand how such 
experiences influence research career plans in STEM fields. The findings discussed previously 
suggested that a better understanding of intervention effects and strain—objective or 
subjective—may be possible once students’ strengths are considered. Also, exploratory findings 
suggest that personal strengths may help to buffer some strain. 
The evidence presented in this study provided support for the use of culturally relevant 
measures for students’ multilevel strengths. I used the John Henryism and extended family 
support scales to create emic measures for personal resiliency and family support, respectively. 
The psychometric analysis suggested that these measures were represented with high levels of 
internal consistency in this sample and their inclusion in these analyses provided deeper insight 
about how other important factors influence intervention outcomes. The value of using emic 
measures is important to highlight given ongoing discussions among scholars about the use of 
mainstream theories and frameworks to understand the experiences of traditionally underserved 
populations (Stage & Wells, in press). While etic measures may provide useful insights about the 
experiences of underrepresented students, they do not fully acknowledge the non-normative 




Emerging Conceptual Relationships 
 
 Gender and Student Role Strain. The findings for this study suggested that 
there may be strains due to gender which negatively impact intervention outcomes. These 
findings reflected broader issues regarding the need to increase the pipeline of women in STEM 
professions. The descriptive results indicated that, on average, the women in this study had lower 
STEM research career plans than men. This finding is aligned with other research that discusses 
the underrepresentation of women in many STEM fields and notes that a number of 
environmental factors deter women from pursuing STEM majors and careers including gender 
bias within these subject areas; stereotypes concerning women in the sciences; and 
misconceptions about competence (e.g. Blickenstaff, 2005; Brainard & Carlin, 1998; Hill, 
Corbett & St. Rose, 2010). The multivariate results provided further evidence of this relationship 
even after accounting for intervention experiences, financial and academic student role strain, 
multilevel strengths and STEM major choice. Given the gender disparities in STEM research 
career plans, the findings suggested that women encountered a particular strain when pursuing 
advanced STEM career plans. As previously noted, gender bias and female discouragement in 
STEM start at very early stages in women’s educational careers (Hill, Corbett & St. Rose, 2010). 
The early discouragement that women experience in education could help to explain the 
differences in outcomes that manifest in higher education. Also, other research notes that women 
who are resilient against the gender biases and science and mathematics stereotypes prevalent in 
K-12, still have additional hurdles to overcome in higher education (e.g. Brainard & Carlin, 
1998). Accordingly, future research could further explore the gender strain concept with regards 
to STEM research career plans. Also, it is important that interventions recognize gender issues in 
the broader definition of what it means to be “underrepresented.” Interventions should pay 
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particular attention to approaches and programmatic developments that address strains related to 
gender in STEM fields and professions. This is especially critical in fields such as engineering, 
physics, and computer science which continue to be male-dominated. Future research should 
examine gender differences in intervention outcomes to further investigate if these summer 
research opportunities are helping to close the STEM gap between men and women. 
This study also suggested that gender disparities exist in terms of subjective financial role 
strain. On average, women had higher levels of financial stress—an issue that has been shown to 
hinder positive college outcomes within the broader literature (e.g. Advisory Committee on 
Financial Aid, 2010; Brazziel & Brazziel, 2011; Cabrera, Castaneda, Nora & Hengstler, 1992; 
St. John, Paulsen & Starkey, 1996). It is important to note that, in this study, high percentages of 
men and women were subject to the objective financial barriers. For example, 55 percent of 
males and 63 percent of females received Pell and/or College Work study awards
20
.  It is unclear 
why women experienced a more negative cognitive response to financial barriers. However, as 
previously noted, this underscores the importance of recognizing students’ actual barriers and 
their subjective reactions to such barriers. Future studies should further investigate differences in 
perceived financial challenges by gender. A number of studies within the financial aid literature 
note that subjective financial challenges can deter positive outcomes in college (e.g. Advisory 
Committee on Financial Aid, 2010; Brazziel & Brazziel, 2011; Cabrera, Castaneda, Nora & 
Hengstler, 1992; St. John, Paulsen & Starkey, 1996). Because the women in this study appear to 
be disproportionately burdened with these challenges compared to men, it is important to gain a 
better understanding of why these relationships emerged within the sample. 
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 There was no statistically significant difference in the percentage of males and females that 
received these awards. 
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From a practical perspective, these theoretical insights suggest that interventions should 
be attentive to strain that is unique to women’s experiences and how subjective financial threats 
may differ by gender. Possible approaches for addressing these challenges include the creation of 
academic spaces that resist negative environmental influences, and combat misconceptions about 
(1) women’s academic abilities and (2) gender-oriented major “fit.” Furthermore, intervention 
administrators should seek to better understand other issues such as financial difficulties which 
may disproportionately impact certain students.  
Race/Ethnicity and Student Role Strain. The descriptive results also suggested that 
students of color generally experienced a particular strain with regards to advanced STEM career 
plans. Generally, these students had lower STEM research career plans than their White and 
Other peers. Other research has noted these disparities and the need to increase the pipeline to 
STEM professions for underrepresented students of color (e.g. National Research Council, 
2011). In an effort to increase the supply of STEM professionals within the United States, some 
scholars have acknowledged the historic underrepresentation of certain groups in these fields and 
the need to increase the number of underrepresented students who pursue STEM majors as a 
strategic step towards the larger agenda to bolster the country’s STEM workforce (National 
Research Council, 2011). This is becoming increasingly critical given demographic shifts and 
projections which suggest that underrepresented students of color who are not well represented 
in STEM are increasingly becoming a large share of the overall population.  Accordingly, it is 
important that research seeks to better understand strains that can afflict particular racial groups 
and could deter students’ STEM-related outcomes. 
Despite the descriptive findings, the multivariate analysis indicated that, amongst the 
students within this study, there was no statistically significant difference in advanced STEM 
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career plans between students of color and their White and Other peers after accounting for 
financial and academic student role strain, multilevel strengths and other important factors. 
Because a large percentage of the students in this study are underrepresented in some capacity 
(i.e. underrepresented students of color, lower-income, first-generation college attendants, etc.), 
perhaps many of them share similar challenges navigating through higher education and, thus, 
the racial/ethnic differences that are generally discussed in the literature do not manifest within 
this sample. Accordingly, these findings suggest that it is important to consider students’ strains, 
strengths, and relevant academic experiences in order to fully understand racial/ethnic 
differences in STEM-related outcomes.  
In addition to differences in STEM research career plans, a higher percentage of students 
of color also suffered from higher levels of objective financial student role strain.  Compared to 
Whites and Others, a higher percentage of students of color were awarded Pell and/or college 
work study, and came from families that used public assistance. Given the relationship between 
financial challenges and successful college outcomes in general (Braunstein, McGrath & 
Pescatrice, 1999; Hearn, 1988; Rose & Betts, 2001; St. John, 1991; St. John, Musoba, Simmons, 
& Chung, 2002), it is important that program administrators and other constituents are aware of 
these issues within the context of interventions and how they may impact outcomes—particularly 
for students of color. Furthermore, as previously mentioned, strategies to reduce these financial 
barriers at earlier points along the education continuum may also help to increase STEM-related 
career outcomes by expanding the pool of STEM majors. This is especially important given the 
push to increase the racial/ethnic diversity of STEM professionals. While students of color 
experienced higher levels of objective strain, their cognitive appraisals of those strains were 
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similar to Whites and Others. This also underscores the importance of distinguishing the 
objective strain from students’ perceptions about barriers.  
With regard to objective academic barriers, across the overall sample, the average ACT 
score and HSGPA indicated that the students in the study had a high degree of academic 
preparation and exposure, generally. However, on average, students of color had lower 
standardized test scores than their White and Other peers. This disparity is aligned with larger 
trends at the national level. Although there were differences in test scores by race/ethnicity, for 
both groups, the average test scores exceeded the national average. Nonetheless, even among 
these advanced students, the exploratory findings suggest that objective academic strain can be 
negatively related to STEM research career plans for students within certain interventions. Since 
students of color had higher levels of objective academic strain, it is important to consider this 
relationship in order to fully understand outcomes for these students and how best to serve their 
needs in intervention settings.  
Theoretical Relationships to Explore in Future Analyses 
This research suggests that there are a number of different factors to consider when 
examining how summer research interventions influence outcomes in STEM fields for 
underrepresented students. More specifically, in order to understand how these interventions can 
promote positive outcomes, it is important to acknowledge how other factors can impede or 
enhance outcomes in addition to the intervention experience. These include strains due to 
finances, academic background, race, gender, and major choice, as well as students’ multilevel 
strengths. Figure 5.1 outlines an emerging conceptual framework for understanding intervention 
efficacy within the context of these additional important factors. The framework provides an 
illustration of how the intervention and other factors combine to influence students’ advanced 
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STEM career plans based upon existing literature and findings from this particular study. 
Although the results from this study are exploratory, they provide a nuanced interpretation of 
how interventions operate within a complex system of other important student characteristics to 
influence students’ career plans in STEM. This framework could help to inform future research 
that seeks to fully understand intervention outcomes. The analyses that support each of the 
relationships in the conceptual framework are noted within the figure. Additionally, relationships 
that are represented in the model because of evidence within the broader literature are also 
distinguished.  
Similar to other research concerning the influence of financial and academic challenges 
on college outcomes (e.g. Museus, Palmer, Davis & Maramba, 2011; Smedley, Myers and 
Harrell, 1993; St. John, Hu & Fisher, 2011; St. John & Musoba, 2010), this study suggested that 
financial and academic strain can negatively impact students’ advanced STEM career plans. As 
previously noted, the analyses provided support for objective and subjective student role strain 
within financial and academic domains. Although these role strain domains emerged as separate 
constructs, the findings suggested that the constructs were related. Exploratory evidence 
indicated that these strains can directly impact students’ advanced STEM career plans, and that 
the relationship between strain and the outcome can be mediated by STEM major choice. 
Furthermore, preliminary analyses suggested that students’ strengths can help to buffer the 
negative effects of academic strain. 
In addition to financial and academic student role strains, the results from this study 
suggest that racial and gender strains may also exist, and are important to note in order to 
understand intervention outcomes for underrepresented students. The study also suggested that 
women experienced a particular strain which can ultimately influence their outcomes within 
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interventions. While both males and females in this study had similar levels of objective 
financial strain, females indicated higher levels of related subjective financial strain. Also, in this 
study, there were racial disparities in both financial and academic student role strain. Recall that 
racial differences emerged with regards to objective financial and academic barriers with 
students of color experiencing higher levels of strain than their White and Other peers. A 
framework that acknowledges the strains that may differentially impact females and students of 
color can help intervention stakeholders to understand overall outcomes in advanced STEM 
career plans for students in these groups.  
A number of studies have noted gender and racial disparities in STEM majors and the 
resulting pool of STEM professionals (e.g. Hill, Corbett & St. Rose, 2010; National Action 
Council for Minorities in Engineering, 2008; National Science Foundation, 2013). Accordingly, 
some interventions have been developed to specifically target women and students of color in 
order to help to diversify STEM fields (e.g. Brainard and Carlin, 1998; Maton, Domingo, Stolle-
McAllister, Zimmerman & Hrabowski, 2009; Pender, Marcotte, Domingo & Maton, 2010). This 
research aligns with existing literature by suggesting that gender is related to STEM major 
choice and students’ plans to pursue advanced STEM careers. Additionally, preliminary 
evidence indicates that major may partially mediate the relationship between gender and 
advanced STEM career plans. 
With regards to STEM major, the data suggested that students’ major choice may have 
been related to their intervention participation. Recall that a higher percentage of STEM majors 
were CIC SROP and OSROP participants, compared to No SROP. Also, various analyses 
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suggested that STEM major was related to the outcome
21
. This emphasizes the need to examine 
how intervention selection processes can ultimately influence outcomes and intervention 
efficacy.  
Finally, while other research has highlighted positive relationships between intervention 
participation and outcomes in STEM fields, the study did not provide evidence of this direct 
relationship. However, preliminary analyses suggested moderating relationships between 
intervention participation and financial strain that should be considered in order to understand 
how interventions can influence outcomes in STEM fields. As shown in the framework, 
intervention experiences also relate to students’ multilevel strengths. Other research has noted 
how intervention participation can promote positive outcomes by helping students to build 
personal strengths (e.g. Lopatto, 2007; Russell et al, 2006). 
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 While Table 4.5 is highlighted in Figure 5.1 with regards to the relationship between STEM 
major and advanced STEM career plans, other analyses within the study also supported this 

















Figure 5.1. Emerging Conceptual Framework: Understanding Intervention Efficacy for Underrepresented Students 
Note: The letter T represents the table that provides evidence for the relationship depicted in the figure; Also,   represents 



































































Limitations and Implications for Future Research 
There are a few limitations for this study that can help to inform future research. These 
limitations relate to (1) measurement, (2) modeling, (3) sample size, and (4) data. With regard to 
measurement, in some instances, single-item indicators were used to represent constructs. 
Specifically, because of data limitations, subjective financial role strain was operationalized 
using a single item. Given the limitations for using single items to represent complex constructs, 
future research should utilize appropriate techniques to develop more reliable and valid multiple-
item scales for all role strain and adaption constructs (e.g. Allen & Yen, 1979; Devellis, 2012). 
  For pre-existing scales, psychometric techniques were employed to further validate their 
appropriate use in the present study. With regards to students’ multilevel strengths, exploratory 
factor analysis (not shown) indicated that both personal resiliency and extended family support 
are multidimensional. Despite this finding, I created one measure for each of these scales 
because the broader constructs were better represented by combining all of the affiliated items. 
The Cronbach’s Alpha Coefficients for each of these measures indicated acceptable levels of 
internal consistency when all of the related items were combined. Future research may 
investigate how the various dimensions of students’ multilevel strengths and extended family 
support may relate to their advanced STEM career plans. 
While measures of financial and academic challenges were employed to operationalize 
financial and academic role strain, there were no existing psychometric studies that investigated 
the use of these measures to represent the related constructs. Given the literature that suggests 
that students with financial hardships and academic preparation issues have barriers to overcome 
in higher education due to these challenges, it is feasible to employ these measures as indicators 
of strain. Accordingly, this study provides a foundation for conceptualizing what these measures 
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represent within a student role strain framework. Additional research should further explore the 
use of these indicators within this framework. 
There are also issues regarding modeling that are worth acknowledging. While this study 
examines students’ receipt of Pell grants and/or college work study awards within the framework 
of role strain, no indicators for other types of aid are considered due to data limitations. It is 
possible that students may have received other types of financial assistance which might have 
helped to alleviate their immediate financial burdens. Controlling for these other financial 
resources may have allowed the financial barrier measures to better represents students’ 
objective financial strain.  
 Also in terms of modeling, this study does not control for any pre-college research 
experiences students may have experienced. As previously noted, the push to increase the 
number and diversity of students pursuing STEM fields has become a focus for many policy 
discussions. Also, a number of interventions have been developed along the educational 
continuum to address STEM pipeline issues. In addition to programs at the collegiate level, there 
are also similar resources available to students at the K-12 level. Because these interventions 
exist at various stages in students’ academic careers, future research should account for students’ 
pre-college intervention experiences. Subsequent data collection efforts for the larger NIH-
funded study inquired about such experiences for future use. 
The outcome considered in this analysis is students’ plans to pursue research careers in 
STEM fields. It is worth noting that CIC SROP and the other interventions considered in this 
analysis are not necessarily STEM specific. Many students who participate in these programs do 
so in a number of non-STEM fields. However, a large percentage of the students in these 
interventions are STEM majors and are likely mentored by faculty in these fields as part of the 
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intervention. In fact, over half of the students considered in the study are STEM majors. Given 
the large percentage of students in these fields, this outcome is relevant despite the fact that the 
interventions are not STEM focused, solely.  
An additional limitation is with regard to the sample. Because of the limited sample size, 
there may not be enough power to adequately represent all the statistically significant 
relationships that exist. However, non-significant trends provide some insight about relationships 
that may manifest with a sufficient level of significance on a larger sample. Future work should 
use a larger sample to better investigate statistically significant relationships. Accordingly, the 
next phase of this research will include additional cohorts to increase sample size. 
Also with regard to the data, many students who were enrolled in the study did not 
respond to the question regarding their STEM research career plans. Information regarding 
missing data on the outcome is included in Appendix E. Based on this analysis, there were only a 
few significant differences between the students who were and were not missing data on the 
outcome. On average, students with missing data had (1) lower high school grade point averages 
and (2) higher levels of extended family support. However, these differences were modest. It is 
also worth noting that the majority of students missing on the outcome were CIC SROP 
participants. Future research should investigate these issues further and consider possible 
imputation strategies. 
Finally, as previously noted, this study explored how student strains and strengths relate 
to intervention outcomes as a means for better understanding the various factors that can 
influence student outcomes in addition to the intervention experience. This study involved intact 
groups; therefore, a randomized control study was not feasible. Because students were not 
randomly assigned to an intervention group, it was difficult to fully estimate the effects of 
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intervention participation. While this analysis accounted for financial and academic challenges, 
student strengths and other characteristics that could also influence intervention outcomes, it is 
possible that other non-observable factors may also influence the STEM research career plans. 
Future research should explore additional approaches for estimating intervention effects. One 
approach would be to employ a pre-test/post-test model which controls for students’ advanced 
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SOCIAL STRATIFICATION:  
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LIFE COURSE AND BIOLOGIC FACTORS 
  
  -Age-Related (Life Span Stages) 
  -Family History (Maternal & Paternal) 






Descriptive Statistics for the Overall 2011 Cohort 
  Total CIC SROP Non CIC SROP 
  % (N) % (N) % (N) 
Total 100 (616) 51.0 (314) 49.0 (302) 
Gender             
Male 33.1 (179) 19.1 (103) 14.1 (76) 
Female 66.9 (361) 33.1 (179) 33.7 (182) 
Total  100 (540) 52.2 (282) 47.8 (258) 
Race/Ethnic Background             
African American/Black/Negro 37.2 (194) 21.3 (111) 15.9 (83) 
American Indian/Alaskan Native 1.7 (9) 1.1 (6) 0.6 (3) 
Asian American 8.6 (45) 3.3 (17) 5.4 (28) 
Native Hawaiian/Other Pacific Islander 0.6 (3) 0.4 (2) 0.2 (1) 
White/Caucasian 30.5 (159) 13.2 (69) 17.2 (90) 
Other 21.5 (112) 12.1 (63) 9.4 (49) 
Total 100 (522) 51.3 (268) 48.7 (254) 
Hispanic Background             
Yes 33.8 (185) 19.4 (106) 14.5 (79) 
No 66.1 (361) 32.4 (177) 33.7 (184) 
Total 100 546 51.8 (283) 48.2 (263) 
Age             
18 0.6 (3) 0.2 (1) 0.4 (2) 
19 4.6 (25) 1.3 (7) 3.3 (18) 
20 17.5 (95) 8.9 (48) 8.7 (47) 
21 39.9 (216) 21.8 (118) 18.1 (98) 
22 or Over 37.5 (203) 19.7 (107) 17.7 (96) 
Total 100 (542) 51.8 (281) 48.2 (261) 
Mother's Education (Years)             
1-8 years 4.2 (17) 1.7 (7) 2.5 (10) 
9-11 years 4.9 (20) 3.2 (13) 1.7 (7) 
High School Graduate 20.2 (82) 10.1 (41) 10.1 (41) 
Some College 21.7 (88) 12.1 (49) 9.6 (39) 
4-year Degree 26.6 (108) 13.3 (54) 13.3 (54) 
Masters Degree 15.8 (64) 7.9 (32) 7.9 (32) 
Doctoral Degree 5.4 (22) 2.7 (11) 2.7 (11) 
No Sure 1.2 (5) 1.0 (4) 0.2 (1) 
Total 100 (406) 52.0 (211) 48.0 (195) 
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Father's Education (Years) 
1-8 years 4.4 (18) 2.2 (9) 2.2 (9) 
9-11 years 8.2 (33) 5.2 (21) 3.0 (12) 
High School Graduate 22 (89) 10.9 (44) 11.1 (45) 
Some College 18.1 (73) 10.9 (44) 7.2 (29) 
4-year Degree 20.8 (84) 10.6 (43) 10.1 (41) 
Masters Degree 14.4 (58) 5.4 (22) 8.9 (36) 
Doctoral Degree 8.4 (34) 4.7 (19) 3.7 (15) 
No Sure 3.7 (15) 2.0 (8) 1.7 (7) 
Total 100 (404) 52.0 (210) 48.0 (194) 
Family Background Composition             
Both parents 70.4 (286) 37.2 (151) 33.3 (135) 
Mother only 23.6 (96) 11.1 (45) 12.6 (51) 
Father only 2.2 (9) 0.5 (2) 1.7 (7) 
Other guardians 3.7 (15) 2.5 (10) 1.0 (5) 
Total 100 (406) 51.2 (208) 48.8 (198) 
Ethnic Diversity of High School Attended             
All/Almost all persons of my ethnic group 27.2 (110) 13.6 (55) 13.6 (55) 
Mostly persons of my ethnic group 20.5 (83) 10.6 (43) 9.9 (40) 
About half person of my ethnic group 20.7 (84) 8.9 (36) 11.9 (48) 
Mostly persons of other ethnic groups 18 (73) 9.6 (39) 8.4 (34) 
All/Almost all persons of other ethnic group 13.6 (55) 8.4 (34) 5.2 (21) 
Total 100 (405) 51.1 (207) 48.9 (198) 
Ethnic Diversity of Current College             
All persons of my ethnic group 21.8 (89) 11.5 (47) 10.3 (42) 
Mostly persons of my ethnic group 20.3 (83) 9.1 (37) 11.3 (46) 
Half persons of my ethnic group 17.9 (73) 7.6 (31) 10.3 (42) 
Mostly persons of other ethnic groups 21.8 (89) 11.8 (48) 10.0 (41) 
All persons of other ethnic group 18.1 (74) 11.5 (47) 6.6 (27) 
Total 100 (408) 51.5 (210) 48.5 (198) 
Ethnic Diversity of Childhood Neighborhood             
All persons of my ethnic group 41 (166) 20.2 (82) 20.7 (84) 
Mostly persons of my ethnic group 20.2 (82) 10.4 (42) 9.9 (40) 
Half persons of my ethnic group 13.3 (54) 5.9 (24) 7.4 (30) 
Mostly persons of other ethnic groups 13.6 (55) 7.9 (32) 5.7 (23) 
All persons of other ethnic group 11.9 (48) 7.2 (29) 4.7 (19) 
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Ethnic Diversity of Current Neighborhood 
All persons of my ethnic group 30.8 (125) 14.8 (60) 16.0 (65) 
Mostly persons of my ethnic group 22.2 (90) 12.1 (49) 10.1 (41) 
Half persons of my ethnic group 13.8 (56) 5.9 (24) 7.9 (32) 
Mostly persons of other ethnic groups 17 (69) 9.9 (40) 7.1 (29) 
All persons of other ethnic group 16.3 (66) 8.9 (36) 7.4 (30) 






Survey Items for each Construct 
Construct Survey Questions Scale/Response Options 
Advanced STEM Career  Plans  If you try, how certain are you that you 
will pursue a research career in some 
Science, Technology, Engineering, or 
Mathematics field? 
5-point Likert-type scale that ranged 
from “completely certain I will not” to 
“completely certain I will” 
Financial Role Strain:  
Objective Barriers and Subjective Threats 
  
Pell and/or College Work Study Award When you entered college, did you 
receive a Pell Grant and/or College Work 
Study? 
I was awarded a Pell Grant; I was 
awarded College Work Study; I was 
awarded both a Pell Grant & College 
Work Study; I was not awarded either 
Public Assistance Usage During any periods of unemployment or 
economic hardship, was your family ever 
able to receive unemployment or other 
kinds of assistance? 
Never needed assistance; 
Unemployment benefits; Food Stamps 
or assistance; Rent or housing 
assistance; Other types of assistance 
received 
Financial Discouragement During the last term, how well did you 
actually keep other problems (i.e. money, 
transportation, family and personal) from 
hurting your school performance? 
5-point Likert-type scale that ranged 
from “did not try at all” to “tried very 
hard”  
Financial Stress How much have the following problems 
bothered you during the past school year? 
 Personal money or financial 
4-point Likert-type scale that ranged 
from “hasn’t bothered me at all” to 




 Personal job problems 
Academic Role Strain:  
Objective Barriers and Subjective Threats 
  
High School Grade Point Average What was your overall high school GPA? (open-response question) 
ACT Score What were your ACT/SAT scores- your 
total and subscores, if you remember? If 
you don’t remember, please give your 
best estimate. 
(open-response question) 
Ability Blame Rate the degree to which you agree or 
disagree with the following statements 
about your general orientation and 
experiences in academic settings. 
 If I were to fail a course it would 
probably be because I lacked skill 
in that area 
 If I were to get poor grades I 
would assume that I lacked ability 
to succeed in those courses 
 If I were to receive low marks, it 
would cause me to question my 
academic ability 
4-point Likert-type scale that ranged 
from “strongly disagree” to “strongly 
agree” 
Academic Discouragement Please indicate how much you agree or 
disagree with the following statements 
about your academic experiences so far: 
 Generally, I have found my class 
4-point Likert-type scale that ranged 




work quite easy 
 When my grades have been lower 
than expected, I have often felt 
discouraged 
 I have usually been able to 
improve my lower exam grades 
 If my grades don't improve, I may 
not pursue advanced graduate/ 
professional studies and just get a 
job 
 I am confident that I will graduate 
from college 
 Even if I tried, graduating with 
honors is impossible 
 With the right strategies, I can 
still achieve most of the academic 
goals I set for college 
 Like many students, I will 
probably never achieve college 






Personal Resiliency Rate the degree to which the following 
statements are true for you (personally): 
 I've always felt that I could make 
4-point Likert-type scale that ranged 




my life pretty much what I 
wanted to make out of it 
 Once I make my mind up to do 
something, I stay with it until the 
job is completely done 
 I like doing things that other 
people thought could not be done 
 When things don’t go the way I 
want them to, that just makes me 
work even harder 
 Sometimes I feel that if anything 
is going to be done right, I have 
to do it myself 
 It’s not always easy, but I manage 
to find a way to do the things that 
I really need to get done 
 Very seldom have I been 
disappointed by the results of my 
hard work 
 I feel that I am the kind of 
individual who stands up for what 
he/she believe in, regardless of 
the consequences 
 In the past, even when things got 
really tough, I never lost sight of 
my goals 
 It’s important for me to be able to 
do the things the way I want to do 
them rather than the way other 
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people want me to do them 
 I don’t let my personal feelings 
get in the way of doing a job 
Hard work has really helped me 
to get ahead in life 
Family Support How supportive would the following 




 Sister (Brother) you feel closest 
to 
 Grandmother (Grandfather) you 
feel closest to 
 Aunt (Uncle) you feel closest to 
 Female (Male) Cousin you feel 
closest to 
 Best female (male) friend 
 Adult at past high school you feel 
closest to 
 Adult member of your place of 
worship who you feel especially 
close to 
 Other adult “friend or family” 
you feel close to 
5-point Likert-type scale that ranged 






Background Characteristics   
Gender Your sex is: Male; Female 
Race Are you of Hispanic, Latino, or Spanish 
origin? 
 
With which racial/ethnic/cultural 
background do you primarily identify? 
Yes; No 
 
African American, Black, Negro; 
American Indian or Alaskan Native; 
Asian American; Native 
Hawaiian/Other Pacific Islander; 
White, Caucasian; Other 
STEM Major If you have chosen a college major, 
which of the following fields is most 
related to your choice? 
Biomedical/behavioral sciences; other 
basic of applied sciences (e.g. physics, 
engineering); social sciences/related 
professions (e.g. sociology, law, 
business); creative arts/related 
professions (e.g. theater, art, dance, 





 Measure Coding and Description 
Measure Description 
Objective Financial and Academic Barriers 
Used Public Assistance 1: Yes; 0: No 
Awarded Pell and/or College Work 
Study† 
1: Yes; 0: No 
Lower High School GPA†* Overall high school grade point average 
Lower ACT Score†* Total ACT score 
Subjective Financial and Academic Threats 
Financial Discouragement† 1: Tried very hard to keep money and other  
problems from hurting school;  
Financial Stress# Degree to which students were bothered by personal money, financial or 
personal job problems during the previous school year 
Ability Blame† Degree to which students attribute their academic challenges to ability 
limitations (Multidimensional Multi-Attribution Causality Scale) 
Academic Discouragement† Degree to which students felt discouraged academically (Feldman Index) 
Multilevel Strengths 
Personal Resiliency Self-perception about an individual's ability to employ hard work and 
determination to meet environmental demands (John Henryism) 
Family Support Perceived support towards the PhD from family members including the 
nuclear family, intergenerational kin, and para-kin (Reyes Scale) 
Background Characteristics 
Male 1: Male; 0: Female 
Underrepresented Minority† 1: American/Black/Negro, American/Indian/Alaskan Native, Asian 
American, Native Hawaiian/Other Pacific Islander, or Hispanic/Latino 
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STEM Major† 1: Biomedical/Behavioral Sciences major; Other Basic or Applied Sciences 
major (e.g. Physics, Engineering, etc.); 
0: Social Sciences/Related Professions (e.g. Sociology, law, etc.); Creative 
Arts/Related Professions (e.g. Theater, Art, Dance, etc.); or Major 
Undecided  
† Recodes of the original variables in the dataset 
# New construct; developed with psychometric techniques 





 Missing Data Analysis 





(N=221)   
  Mean SD Mean SD p 
Objective Fin & Acad Role Barriers           
Used Public Assistance (dummy coded, 0=no, 1=yes) 0.42 - 0.43 - n.s. 
Awarded Pell and/or College Work Study (dummy coded, 0=no, 1=yes) 0.60 - 0.63 - n.s. 
High school GPA  3.69 0.49 3.57 0.50 ~ 
ACT score  25.63 5.29 24.45 5.38 n.s. 
Subjective Fin & Acad Role Threats           
Financial Stress (a) 0.00 1.00 0.01 0.99 n.s. 
Ability Blame (a) 0.00 1.02 -0.07 0.96 n.s. 
Academic Discouragement (a) 0.00 1.00 0.02 1.05 n.s. 
Multilevel Strengths           
Personal Resiliency (a) 0.01 1.03 -0.06 1.02 n.s. 
Extended Family Support (a) -0.05 1.00 0.16 1.03 ~ 
Background Characteristics           
Male (dummy coded, 0=female, 1=male) 0.31 - 0.37 - n.s. 
Underrepresented Minority (dummy coded, 0=no, 1=yes) 0.66 - 0.68 - n.s. 
STEM Major (dummy coded, 0= Non STEM major, 1=STEM major) 0.64 - 0.65 - n.s. 
(a) Variables are z-scores (M=0; SD=1); The outcome variable is also standardized 




Estimated Intervention Effects 
The primary objective of this theory driven study is not to evaluate summer research 
interventions, but it is important to estimate intervention effects on outcomes. CIC SROP and 
similar programs are designed to encourage students to pursue doctoral studies and faculty 
careers. The information in Figure 4.1 provides insight about students’ advanced STEM career 
plans. This study focuses specifically on how intervention participation, student role strains and 
multilevel strengths influence research career plans in STEM areas. While this outcome is not a 
direct objective of CIC SROP and similar interventions, it is highly related to these programs’ 
mission to encourage students to pursue faculty research careers. Also, as previously noted, a 
number of the students in these interventions are STEM majors. Accordingly, this outcome is 
particularly relevant. Figure 4.1 provides information regarding students’ certainty that they will 
pursue a research career in some STEM field. These plans were measured before intervention 
participation and one year after intervention participation, using a Likert scale from one to five 
where a higher score indicates a greater degree of certainty. 
On average, CIC SROP students are highly certain that they will pursue a research career 
in a STEM field before the intervention, and their plans for this career path increased slightly 
from Time 1 to Time 3. While No SROP students start with a lower degree of certainty about a 
future research career in STEM, they experience a similar increase in these plans from Time 1 to 
Time 3. The findings are quite different for OSROP students. These students have initial STEM 
research career plans that are similar to those of CIC SROP students. However, OSROP 
students’ plans to pursue this career path decrease from Time 1 to Time 3. These findings 
suggest that CIC SROP participation can have a positive effect on students’ advanced STEM 
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research career plans, but that this effect may differ from similar research opportunity programs. 
Accordingly, it is important to examine these two intervention experiences separately and how 




Figure 4.1. Change in Plans to Pursue a STEM Research Career for CIC SROP, OSROP and No 
















Correlation Matrix for Measures in Hierarchical Regression Analyses 
 
CIC SROP .135 **
OSROP .011 -.594 ***
No SROP -.170 *** -.577 *** -.315 ***
Public Assistance -.018 .013 -.009 -.006
Awarded 
Pell/Work Study -.135 * .053 -.040 -.022 .296 ***
Lower High 
School GPA (a) .024 -.001 -.111 ~ .112 ~ .014 -.043
Lower ACT Score -.118 ~ .077 -.055 -.033 .116 ~ .090 .222 **
Financial Stress -.126 * .028 -.078 .044 .187 ** .216 *** .108 ~ .131 *
Ability Blame .065 -.016 -.018 .037 .080 -.098 ~ -.110 ~ .062 .089
Academic .087 .013 -.034 .018 .046 .038 -.146 * -.106 .156 ** .273 ***
Personal Resiliency .049 .001 .030 -.031 -.016 .024 .033 .090 -.046 -.210 *** -.348 ***
Extended Family 
Support .019 .121 * -.089 -.051 -.156 ** -.098 ~ -.076 -.031 -.143 * -.113 ~ -.040 .226 ***
Male .236 *** .106 ~ .017 -.140 ** -.022 -.068 .091 -.024 -.122 * -.074 -.045 .087 .039
Underrepresented 
Minority -.089 ~ .167 ** -.104 ~ -.093 ~ .116 ~ .162 ** .069 .253 *** .052 -.088 -.082 .078 -.012 -.003




























Career Plans CIC SROP OSROP No SROP
 
~ p<.10; * p<.05; ** p<.01; *** p<.001  






Supplemental Moderating Effects Analysis 
Hierarchical Regression Analysis Assessing the Moderating Effects of Intervention Participation 




CIC-SROP 0.425 * 1.012 **
OSROP 0.286 0.726 *
Objective Fin & Acad Role Barriers
Used Public Assistance 0.077 0.077
Awarded Pell and/or college work study -0.190 0.471
Low High school GPA (a) (b) 0.076 0.072
Low ACT score (a) (b) -0.102 -0.102
Subjective Fin & Acad Role Threats
Financial Stress (a) -0.096 -0.301 *
Ability Blame (a) 0.064 0.069
Academic Discouragement (a) 0.090 0.220
Background
Male 0.418 ** 0.422 **
Underrepresented Minority -0.132 -0.148
Interactions
Pell/WS x CIC SROP -0.950 *
ACT x CIC SROP -0.019
Financial Stress x CIC SROP 0.307 ~
Academic Discouragement x CIC SROP -0.146
Pell/WS x OSROP -0.762 ~
ACT x OSROP -0.014
Financial Stress x OSROP 0.246
Academic Discouragement x OSROP -0.213
Constant -0.240 -0.678 **
R
2




~ p<.10; * p<.05; ** p<.01; *** p<.001; Unstandardized coefficients reported
(a) Variables are z-scores (M=0; SD=1)
(b) Reverse coded to represent strain; The outcome variable is also standardized
Model 1:










Figure H.1. Exploratory Moderating Effect of CIC SROP participation on Objective Financial 
Student Role Strain  
 
 
Figure H.2. Exploratory Moderating Effect of OSROP participation on Objective Financial 







Figure H.3. Exploratory Moderating Effect of CIC SROP participation on Subjective Financial 




Supplemental Buffering Effects Analysis 
Hierarchical Regression Analysis Assessing Whether Multilevel Strengths Buffer the 
Relationship between Student Role Strain and Advanced STEM Career Plans (a) (n=398) 
Independent Variables
Intervention
CIC-SROP 0.432 * 0.438 *
OSROP 0.278 0.320
Objective Fin & Acad Role Strain
Used Public Assistance 0.072 0.088
Awarded Pell and/or college work study -0.198 -0.197
High school GPA (a) (b) 0.078 0.072
ACT score (a) (b) -0.109 -0.084
Subjective Fin & Acad Role Strain
Financial Stress (a) -0.101 -0.118
Ability Blame (a) 0.074 0.071
Academic Discouragement (a) 0.123 0.091
Multilevel Strengths
Personal Resiliency (John Henryism) (a) 0.106 0.019
Extended Family Support (a) -0.031 0.017
Background
Male 0.402 ** 0.389 *
Underrepresented Minority -0.139 -0.153
Key Interactions
Personal Resiliency x Pell/WS 0.135
Personal Resiliency x ACT 0.122
Personal Resiliency x Financial Stress -0.058
Personal Resiliency x Acad. Discouragment -0.053
Extended Family Support x Pell/WS -0.071
Extended Family Support x ACT 0.044
Extended Family Support x Financial Stress 0.000








~ p<.10; * p<.05; ** p<.01; *** p<.001
(a) Variables are z-scores (M=0; SD=1); 




Student Role Strain, 







Subgroup Analyses of Buffering Effects 
Hierarchical Regression Analysis Assessing Whether Multilevel Strengths Buffer the Relationship between Student Role Strain and 
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